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HE American Chemical Society exists for the advancement 
of chemical science, and the betterment of the chemical 
profession. Every member of it is supposed to contribute his 
share of thought and energy to the accomplishment of these ends; 
and so its work is prosecuted along many lines of activity. 
During the past ten years the growth of the Society has been 
most remarkable, and the diversity of its interests is well shown 
in the pages of its journal. The once doubtful experiment of 
organization has justified itself by success, and there are no longer 
any apprehensions as to the future. The Society now stands be- 
fore the world well established, well recognized, active, and vigo- 
rous ; its days of weakness and danger are over; we can look 
forward with confidence to greater prosperity, to larger growth, 
to steadily increasing usefulness. All chemistry is our province, 
whether it be organic, inorganic, theoretical, physical, or applied; 
and the narrowness of specialism finds its best antidote in the 
varied interests of our meetings. To promote science and to up- 
hold the dignity of our common profession are the objects which 
bind us together. 

Optimism is a good thing, but it needs to be tempered by rea- 
1 Presidential address delivered at the Philadelphia meeting of the American Chemi- 

cal Society, December 30, Igot. 
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son. Hopefulness and enthusiasm are fine qualities, but the re- 
straint of common sense should keep them within bounds. Too 
much complacency is dangerous, and on occasions like this we 
may well pause in our gratulations over past achievements, to 
ask ourselves whither we are tending. As chemists, we owe 
something to the science which we represent, and the debt is one 
which can never be discharged absolutely. That we have done 
much is evidence that we can and should do more ; as a society 
and as individuals we may well look about us and strive to see 
which way the path of duty lies. We cannot appraise the future, 
but we must help to make it. Only by acting with intelligent 
forethought can we hope to advance creditably. 

Retrospection is the one safe basis for prophecy. The history 
of science is full of suggestions for the days to come, and even if 
we do no more than avoid the repetition of mistakes, we shall 
gain much from the study. Great as the past has been, we can 
make sure of something better still, looking confidently forward 
to more perfect knowledge, to larger opportunities for research, 
and to wider recognition in the republic of learning. Let us see 
how chemistry has developed hitherto, and how we can improve 
her present condition. 

A little over a century ago chemistry was hardly more than an 
empirical art,—a minor department in the broad field of natural 
philosophy. There were no chemists in the professional sense of | 
the term, and no laboratories worthy of the. name; that is, no 
buildings were planned and erected for chemical purposes alone ; 
but chemical investigations were conducted in any room which 
happened to be available, witha disregard for convenience which 
would be intolerable to-day. Even at a later period the marvel- 
ous researches of Berzelius were performed in a laboratory which 
was essentially a kitchen. If we use the word in its true sense, 
the earlier chemists were amateurs ; that is to say, men who la- 
bored for the love of truth and without ulterior professional mo- 
tives. Priestley was a clergyman, who regarded his voluminous 
theological writings as more important than his contributions to 
science. Scheele was an apothecary ; Lavoisier was a public 
official with multifarious duties ; Dalton was a schoolmaster and 
arithmetician. Before these men and their contemporaries, a vast 
unexplored territory was outspread, and no one could suspect 
what hidden riches might lie beneath its surface. Lavoisier, with 
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his emphasis upon quantitative methods; Dalton, with his atomic 
theory ; Davy, the discoverer and definer of elements; and Ber- 
zelius, with his genius for system and his untiring industry in 
the accumulation of details, opened the main roads into the new 
empire. Specialism in chemistry was practically unknown ; all 
portions of its domain seemed to be equally inviting ; but inor- 
ganic problems were perhaps the most obvious, and, being easiest 
to grasp, received the greater share of attention. 

There were, from the beginning, two great stimuli to chemical 
research : the intellectual interest of the problems to be solved, 
and the practical utility of many discoveries. Both forces were 
essential to the rapid development of our science ; neither one 
alone would have been adequately effective. Economic considera- 
tions, taken by themselves, help but little towards the symmetri- 
«al organization of scientific knowledge, for the practical man 
has usually a limited, although very direct purpose in view, and 
may not wander far from his main issue. On the other hand, the 
purely scientific investigator can rarely exercise his full powers 
without a certain measure of popular support and encouragement, 
to which the expectation of usefulness contributes. That dis- 
covery must precede application is obvious; that systematic 
knowledge outranks empiricism is also clearly true; but theory 
and practice react upon each other, and it is only when they work 
harmoniously side by side that the best results are attainable. 
The purist in science too often overlooks this fact, and fails to 
recognize his enormous debt to industry. The commercial de- 
mand for chemical data was an important factor in the establish- 
ment of our profession, and from it we derive a large part of our 
resources. At bottom, however, the demand is essentially selfish; 
and the manufacturer who seeks chemical aid, nay, even the tech- 
nical chemist himself, is not uncommonly forgetful of his obliga- 
tions to pure research. Every chemical occupation is based upon 
discoveries which were made without thought of material profit, 
and which sprang from investigations undertaken in the interests 
of truth alone. Even theory, which the ignorant worker affects 
to despise, has’ its place in the economic world, and the indebted- 
mess of the coal-tar industry to Kekulé can hardly be overesti- 
mated. Without theory science is impossible ; we should have, 
instead, only a chaotic anarchy of disconnected facts, a body 
without asoul. Theory is to science what discipline is to an 
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army ; it implies system, method, and the intelligent direction of” 
affairs ; it is the coordination of knowledge, through which the 

experience of others becomes best available to us. The victories. 
of research are rarely accidental; if they were, then the untrained’ 
tyro would have an equal chance of success with the greatest 

masters. Among ourselves, these considerations may be common-- 
place, but they are opposed by certain popular misconceptions. 
which hinder our advancement and work mischief to our cause. 

Cuz bono is the one question which science cannot ask. 

Four agencies have been chiefly instrumental in building up- 
the chemical structure of to-day ; namely, private enterprise, the: 
commercial demand, governmental requirements, and the exten- 
sion of scientific teaching in the universities. Under the first of | 
these headings the foundations of chemistry were laid, and the re- 
searches of Cavendish upon the composition of the atmosphere, 
may be taken as types of the class. Unfortunately, however, 
the men who combine the requisites of wealth, leisure, the incli- 
nation and the ability for scientific investigation are few in num- 
ber, and the output of their labors is relatively small. Still, we- 
must admit that the work so accomplished is often far above the 
average in quality, and that if it were to cease, our science would 
be much the poorer. Its motive is always high, and unaffected’ 
by any annoying pressure from necessity ; its objects are purely 
scientific. 

Seen from the commercial side, chemistry presents quite another- 
aspect. Questions of utility are now paramount, and the advance-. 
ment of science as such has become a secondary affair. The 
manufacturer seeks to improve his products, or to cheapen his 
processes, and calls for information which shall enable him to do 
so ; specific industrial problems require immediate attention, and 
each one is taken by itself, regardless of its broader philosophical 
bearings. From these conditions a certain narrowness must fol- 
low ; no time can be wasted over considerations not directly re- 
lated to the matters in hand, for the success or failure of a great 
enterprise may depend upon the quickness with which the obvi- 
ously essential work is done. As against this urgency of demand, 
no just criticism can be offered ; we may only ask that it shall be 
reasonable, and that science shall be treated less as a servant, and 
more as a faithful ally. The commercial chemist owes something 
to his profession, as well as to his employer ; and his industrial 
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«duties ought not to be incompatible with his responsibilities as a 
scientific man. The education of the manufacturer is one of the 
ifunctions which he has to perform, and it is one which is not al- 
‘ways easy’ of accomplishment. Two points of view have to be 
reconciled : self-interest is on the one side, the benefit of science 
-on the other. 

Several difficulties beset the pathway of applied science, and 
interfere with the work of its practitioners. The limitations of 
the field have already been suggested, but a more serious obsta- 
cle to progress is found in the secretiveness of the employer. The 
industrial chemist cannot publish his researches, or at best can 
publish little ; he therefore fails to receive before the world the 
credit which is his due, and science as a whole isthe loser. A 
secret process, an unpublished investigation, adds nothing to the 

‘sum of human knowledge, and it represents a policy which is 
both short-sighted and unwise. It often covers ground which 
has been well covered before, and in that case it stands for misdi- 
rected effort, for wasted energy. I haveseen, under the seal of 
confidence, a ‘‘secret process’ which had been in print for twenty 
years ; its too practical inventor, ignorant of the literature of his 
subject, had worked out his methods independently; had he con- 
sulted others he might have saved both expense and time. On 
still broader grounds I believe we may claim that the publicity 

-of science is more economical than the current exclusiveness. 
Where several competing establishments produce the same class 
of goods, each one tries to hide its workings from the others. 
Each, therefore, gains only that new knowledge which it can de- 
velop by itself, whereas with greater wisdom it might profit by 
the experience of all. Secrets will leak out, in spite of precau- 
tions ; a full interchange of thought merely anticipates the dan- 
ger, and at last the manufacturer may find that instead of suffer- 
ing loss, he has really received much for little. Possibly the 
combination of industries under the so-called ‘‘ trusts’’ may act 
favorably upon scientific research, for when rivalry ceases, the 
incentive to secrecy disappears also. 

If we study the reaction between science and industry at all 
closely, I think we shall find that an economic revolution of re- 
markable importance is well under way. Like all the greater 
social movements, it is going on quietly, without noise or bluster, 
-but it is nevertheless far-reaching in its effects. Manufacturing, 
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once a matter of empirical judgment and individual skill, is more 
and more becoming an aggregation of scientific processes, a sys- 
tem in which accurate quantitative methods are replacing the old 
rules of thumb. Exact weight and measure are taking the place 
of guesswork, and by their means waste is diminished and econ- 
omy of production is insured. I can remember the day when 
few establishments in America gave regular employment to chem- 
ists ; now laboratories are maintained in connection with nearly 
all productive enterprises, and the demand for scientific service, 
which was formerly sporadic, has become well-nigh univer- 
sal. A railway system, making contracts for supplies, does so 
upon the basis of chemical reports ; and the work is performed 
in its own offices by experts who are permanently retained. In 
the management of an iron furnace, ore, flux, fuel, and product 
are analyzed from day to day, by methods of amazing rapidity 
and considerable exactness. Fertilizers are sold upon chemical 
certificate after preparation under chemical rules; sugar is refined 
by chemical processes, and taxed according to chemical standards; 
medicine is enriched by new remedies of chemical origin ; in 
short, our science touches every productive industry at many 
points, and aids in its transformation. Metallurgy is becoming 
more and more a chemical art ; photography, a modern science, 
rests upon chemical foundations ; with the aid of the electric fur- 
nace new chemical industries are springing into existence ; and 
every one of these agencies reacts upon the chemist, by increasing 
the demand for his services and his wares. In Germany this de- 
velopment of applied science has gone the farthest ; and in that 
country a single establishment may employ from fifty to more 
than a hundred chemists in its regular work. Some of these men 
are analysts merely, but others are engaged in systematic re- 
search, which has both science and industry in view. ‘This ap- 
preciation of research as such is something to which few of our 
American manufacturers have attained; and it marks the highest 
step yet taken in the line of industrial progress. The modern era 
began when hand labor, which means individualism, gave way to 
machinery ; but the machine is a symbol of organized intellectual 
power, and science is the bed-rock of its foundation. Chance 
and supposition are out of place in the industrial world of to-day. 

Turning now to the governmental side of science, we find that 
the services of the chemist are everywhere in demand. Every 
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civilized government now maintains chemical laboratories, and for 
purposes of the most varied kind. The accuracy of the coinage 
is determined by the assayer ; supplies for public use are tested 
by analytical methods ; taxes are assessed in terms which need 
chemical interpretation; the armor of the battleship and the 
explosive of the torpedo depend for their efficiency upon the skill 
with which our work is done. The sanitation of cities; their 
water supply ; the disposal of sewage ; the effectiveness of anti- 
septics ; the quality of gas for lighting or of asphalt for paving ; 
the warfare against the adulteration of food ;—all of these ques- 
tions are essentially chemical in character, and are, or should be, 
settled in the official laboratory. The aggregate of this work is 
something enormous ; and yet, like commercial chemistry, it has 
utility, not science, in view. Science may advance because of it, 
but that is not the main purpose ; the application of existing 
knowledge to public uses, and the creation of new knowledge are 
two distinct things. Here again chemistry is a servant, nothing 
more. 

Throughout the scientific bureaus of the government this 
secondary character of chemistry appears. In the Geological 
Survey it is an aid to geology ; in the Department of Agriculture, 
agriculture is to be advanced ; in the medical service of the army 
or the navy, the interests of medicine come first. Chemistry for its 
own sake has as yet little or no governmental support ; astronomy 
is encouraged, geology receives assistance, the biological sciences 
are given opportunities for growth ; but our profession is merely 
utilized, without thought of its significance, its laborers being 
too often overworked and underpaid. 

In an incidental way, however, the governmental laboratories 
accomplish something for pure science, albeit with little direct 
encouragement and in spite of difficulties. The official chemist, 
unlike his commercial brother, is not always crowded for time; 
his work can be done in a somewhat more leisurely manner, for 
it is unaffected by any demand for immediate financial returns; 
and so abstract researches, if they bear in any way upon the 
problems which are assigned him, are sometimes within his 
reach. Chemistry owes much to investigations of this class ; and 
the papers which issue from official laboratories are by no means 
to be despised. Good work is done, but there ought to be more 
of it; research should become a recognized duty, rather than an 














F. W. CLARKE. 





124 


employment for spare time. It would be well if every govern- 
ment could be made to see that the use of science implies the 
encouragement of science, for then we might hope for the 
establishment of laboratories for purposes of investigation alone. 
To this proposition I shall recur later. 

We now come to the fourth of the agencies by which chemistry 
has been developed, the educational, and this is the most import- 
ant of all. Scientific research has become a definite function of 
the modern university, wherein the creation of knowledge is given 
equal rank with the distribution thereof. Education to-day differs 
from the education of former times, in that a lower place is given 
to mere authority ; it goes more to the foundation of things, and 
so secures a foothold from which it can build much higher. Re- 
search, both for its own sake and as an example to the student, 
is now expected of the teacher ; his pupils, coming face to face 
with the limitations of knowlege, are shown the problems which 
demand’ solution, and are taught something, by practice and by 
precept, of the manner in which they can be solved. The student 
learns that science is a living growth, and that every earnest, 
sincere, well-trained scholar can do something towards its devel- 
opment. If we examine the chemical journals of the nineteenth 
century, we shall find that by far the larger part of the discov- 
eries therein recorded were made in the laboratories of universi- 
ties or schools. Even in our own journal, with all of its contri- 
butions from technical and official sources, over sixty per cent. 
of the communications published are of this class. The signifi- 
cance of this fact, however, must not be overestimated ; we 
should remember the restrictions under which the technical 
chemist labors, whereas to the university professor publication is 
almost as the breath of life. His professional standing, his 
chances of promotion, are profoundly affected by the amount and 
character of the work which he puts forth; silence, to him, 
means the possible reproach of inactivity; he must publish or 
remain obscure. Furthermore, we must not forget that the 
teacher owes a debt to technology which can never be repaid. 
The commercial demand for applications of science has enlarged 
the field of education, by compelling the establishment of poly- 
technic schools. These institutions, all of them of recent date, 
give employment to thousands of instructors; they supplement 
the universities, they multiply the facilities for scientific work, 
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and from them, too, there flows a steady stream of contributions 
to knowledge, to which the chemist is adding his full share. 

Apart from the freedom to publish, the university teacher has 
one great advantage over the technical man. He is not confined 
to any limited field of operations, such as the chemistry of soap, 
of iron, or of coal-tar ; the whole domain of the science lies open 
before him to explore where he will. The possible utility of 
the work need not occupy his mind; he can attack any problem 
he chooses, and from any point of view. And yet, with all 
incentives to breadth, his researches may still be tainted with 
narrowness, for the inevitable tendency to specialize puts its 
restrictions upon him. It is much easier to be a physical 
chemist, an organic chemist, an agricultural chemist, or an 
analyst, than it is to bea chemist ; and chemists, in the larger 
sense, are few. It was Berzelius, I think, who said that he was 
the last man who could ever know all chemistry, and the saying 
was both wise and true. Sixty years ago our science could be 
mastered in its entirety by one industrious student ; to-day it is so 
vast that subdivision is necessary. Still, special research is not 
incompatible with breadth of view ; every chemist should under- 
stand the nature of the great central problems; he should stand 
high enough to overlook the field, no matter how small a corner 
of it he may prefer to cultivate personally. Broadness of mind 
does not imply a scattering of resources, a futile waste of oppor- 
tunity ; it means an intelligent appreciation of all good scientific 
work, whether it be within our own bailiwick or elsewhere. To 
exalt one specialty at the expense of others, to claim supremacy 
for our own small interests, indicates a self-conceit which is both 
mischievous and absurd. 

With so many opportunities for research, and with numberless 
problems in sight, chemistry should have grown according to 
some law of symmetry, giving us to-day a well-balanced and har- 
monious whole. History, however, tells a different tale. The 
science has expanded enormously in some directions, and 
advanced slowly in others ; a glaring disproportion is the result. 
For this condition of affairs there are two reasons : lack of coordi- 
nated labor and the influence of fashion ; for there are fashions 
in thinking, just as there are in dress, and only the most origi- 
nal minds can escape from their domination. Theoretically, 
every investigator is free to follow his own bent ; practically, his 
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course is shaped by a complexity of circumstances. The line of 
least resistance is the easiest line to take, and in science that is 
determined by temporary conditions. Certain researches have 
been fruitful ; and so, like miners flocking to a new camp, we are 
tempted to enter the same field, rather than to play the pioneer 
elsewhere. The greatest prospect of immediate success is the 
power which attracts us. Through influences of this kind 
chemistry has developed unevenly, with one side overcultivated 
and another suffering from neglect. 

- Toillustrate my meaning. I do not wish to underrate the im- 
portanee of organic chemistry, nor to question, in the smallest 
degree, the value of its achievements. Its interest, its attrac- 
tiveness, the beauty of its methods, its profound influence upon 
chemical theory are all admitted ; and yet it has received, it 
seems to me, an undue share of attention. During fifty years 
a large majority of all chemical investigators devoted themselves 
to this one branch of chemistry, leaving only a few workers to 
occupy other fields. Organic chemistry was the fashion; in it 
reputations were easiest made ; the great professional prizes, the 
best positions, went to its devotees. 

Now, in spite of all that organic chemistry has accomplished, 
we may fairly admit that chemical research should have a broader 
scope. Carbon is but one element among many ; and all must be 
considered before we can be sure that our interpretations: of 
chemical phenomena are sound. Special cases are easily mistaken 
for general laws ; and to such errors we become liable when -we 
confine our studies within too narrow bounds. Fortunately for 
chemistry, a broadening process has begun; and the prospects 
for the future are most encouraging. 

During the past ten or fifteen years two movements have gained 
headway in the chemical world. One is marked by the revival of 
interest in inorganic problems, the other by the development of 
physico-chemical research. Toa certain extent the two have 
much in common ; each one is aided, I might say fertilized, by 
conceptions borrowed from the organic field ; both are already 
fruitful to a,remarkable degree. Independent journals devoted 
entirely to inorganic or physical chemistry, have come into exist- 
ence, and investigators of the highest rank fill them with contri- 
butions. It is not my purpose to discuss either movement in de- 
tail ; I mention them as symptoms of a more liberal spirit in re- 
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search, as indicating the commencement of a new era. Physical 
chemistry in particular is becoming the center of interest; labora- 
tories are built and equipped for its benefit alone ; it bids fair to 
surpass even organic chemistry in its dominion over chemical 
thought. One danger, however, confronts it,—the danger of 
self-exaggeration, stimulated by overpopularity. Physical 
chemistry, to achieve the best results, has need of data drawn 
from other lines of chemical research; if they are neglected, 
it in turn will suffer. Even now too large a proportion 
of its votaries are working in one field; that is, on ques- 
tions growing out of the current theory of solutions, and other 
subjects fail to receive the attention which they deserve. This 
state of affairs, this lack of proportion, is doubtless only tempo- 
rary, for towards physical chemistry all chemical theories con- 
verge, and no phase of it, therefore, can long escape considera- 
tion. The very nature of physical chemistry implies a prohibi- 
tion of narrowness; broad conceptions and deep insight are essen- 
tial to its being. 

When we consider the complex influences, the varied demands, 
through which chemistry has developed hitherto, we can only 
wonder at theoutcome. Under the circumstances, a symmetrical 
growth was impossible ; the marvel is that so much could have 
been accomplished. Out of unorganized, uncoordinated, indi- 
vidual efforts a true science has come into existence, equal in dig- 
nity to any other within the domain of learning. All science is 
defective, but in its very imperfections we find its greatest charm. 
Through them alone effort becomes possible ; a wise discontent 
on our part is the first condition for progress. If all were known, 
research would come to an end; nothing could arouse our curi- 
osity; the human mind would atrophy for want of exercise. The 
search for truth is better than the truth itself,—if I may be al- 
lowed thus to paraphrase the well-known words of Lessing. In 
what direction, then, shall we pursue our search, and with what 
promise for the future? What are the needs of chemistry ? 

Pardon me, now, if I apparently indulge in commonplace ; if I 
cite some considerations of almost alphabetic simplicity. Funda- 
mental principles lie so close to our eyes that they are easily 
overlooked ; and from negligence of that kind, misdirected effort 
may follow. We must review our lessons sometimes in order to 
make sure of what we really know. In the first place it is well 
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to bear in mind that chemistry and physics are not sharply dis- 
tinct ; that they are two parts of the same great body of 
truth ; and that neither can be studied to the best advantage 
without aid from the other. Both rest upon the same two basic 
doctrines, the conservation of energy and the persistence of mat- 
ter, conceptions which supplement each other and which give 
eur work its philosophical validity. 

If we try to consider chemistry by itself, to conceive of it as an 
independent branch of learning, we shall find that it has but one 
fundamental problem, namely, the study of chémical reactions. 
From certain kinds of matter certain other kinds are produced ; 
and we merely investigate the laws which govern the transforma- 
tions. If we prepare new compounds, we discover that such and 
such reactions are possible, and we describe their products. If 
we are interested in chemical equilibrium, we seek to determine 
the limits between which a given change can occur. Even our 
notions of chemical structure and atomic linking are but devices 
through which reactions and their products may be coordinated. 
In every case the reaction is the ultimate object of purely chem- 
ical research, and we try to ascertain its laws. Beyond this we 
enter the realm of physics ; we describe each kind of matter in 
thermal, optical, electrical, mechanical, and gravitational terms, 
and we discuss the phenomena of chemical change in similar 
phraseology. 

Let us take, for example, any reaction whatever, and see what 
its complete investigation signifies. At once the problem will re- 
solve itself into four parts, two statical and two dynamical, not 
one of which can logically be neglected. First, there are the sub- 
stances which enter into the reaction ; secondly, the physical 
stimulus, thermal, electrical, or actinic, which starts the reaction; 
thirdly, the phenomena which occur during the reaction ; and 
finally, the substances produced by the reaction. An initial state 
of equilibrium is disturbed by some application of energy ; trans- 
formations of energy take place, and in a final state of equilibrium 
the process comes to an end. Througha mixture of gases having 
certain physical properties we pass an electric spark ; they unite 
to form a liquid with different physical properties, the process 
being attended by a change of volume and great evolution of heat. 
The fact of union is chemical ; the other phenomena are physical; 
and the two sets of considerations are so interlaced that we are 
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compelled to take them together. Intellectually we can discrimi- 
nate between them, but the line of demarcation is essentially ideal. 
The chemical composition of matter cannot be studied apart from 
its physical relations, nor discussed without the aid of physical 
terminology. 

It is easier to preach than to practice ; to say what should be 
done than to doit. Between the theoretical statement of a problem 
and the practical method by which it may be solved, there is a 
profound gulf, over which a direct passage is perhaps impossible. 
No reaction has yet been exhaustively studied on the lines which 
I have laid down, and possibly none ever will be, for the difficul- 
ties in the way of such a research are almost insuperable. Of all 
the snares which nature sets before our unwary feet, that of ap- 
parent simplicity is the most deceptive. Honest complexity, evi- 
dent at sight, we may hope to overcome ; it is the unseen obsta- 
cle which baffles us. In the present instance a prime difficulty 
is the definition, the isolation of a reaction by itself, apart from 
other chemical changes. Nearly every reaction which we can 
observe is, in reality, a complex of several reactions,—a series of 
steps, some of which may easily escape our notice. We measure 
certain phenomena only to find at last that our result is an alge- 
braic sum, and that we have more unknown quantities than equa- 
tions. We cannot solve our problem until these factors have been 
recognized and separated. 

To study individual reactions then, except for the determina- 
tion of definite, special phases, is not the best mode of procedure; 
chemistry would advance but slowly were we restricted to such a 
method. In ordinary chemical research, in the work of the com- 
pound-maker for example, the initial and final stages of a series 
of reactions are investigated, and in that way valuable data are 
obtained. But the aim of science is not so much to amass facts, 
as to connect them by laws and principles ; and the more general 
the latter become, the greater is their intellectual value. We 
can not build, of course, until we have the materials, but between 
brick-making and architecture the difference is great indeed. 

Leaving now the apparently simple, and turning to the visibly 
complex, let us see whether we cannot attack all reactions collect- 
ively, and in that way reach a more general statement of our real, 
experimental problems. All reactions display the same funda- 
menta: phenomena ; namely, changes of composition, changes of 
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properties, and transformations of energy ; if we can classify our 
data under these categories, we shall begin to see more clearly 
the road we are to follow. 

Now, recurring fora moment to the analysis of a single reac- 
tion, we may consider its two statical terms, the nature of the 
substances with which we begin and end. In any particular in- 
stance these questions are special and limited ; but through them 
we discover facts which may be grouped with others of like kind. 
Presently we shall reach the discrimination between elements and 
compounds ; and sooner or later we shall find ourselves face to 
face with one of the ultimate problems of all science,—the nature 
of matter itself. In this problem all questions of chemical com- 
position come to a focus ; it goes back of the reaction to the sub- 
stances which react ; but it belongs equally to physics, and its 
essential details admit of description only in physical terms. 
Chemistry, however, is doing the most towards its solution, for 
it is through chemical researches that variations in the composi- 
tion of matter are best explained. The indebtedness of chemis- 
try to physics is thus fully repaid. 

What is matter? Is it continuous or discrete, atomic, or made 
up of vortex rings in the ether? These questions admit of only 
partial answers, and doubtless their final solution is unattainable 
by man. They are, nevertheless, perfectly legitimate questions 
for science to ask; and a tentative reply, of great practical value, 
is given by the atomic theory. Whether it be true or false, 
whether the chemical atoms are ultimate or divisible, this doctrine 
is the connecting thread upon which our profoundest generaliza- 
tions are strung, and it is hard to see how we could do without it. 
Once a mere speculation of philosophy, Dalton gave it quantita- 
tive meaning ; and from his day to the present every great ad- 
vance in chemical theory has found its clearest statement in 
atomic terms. Chemical equations and formulas ; the laws which 
correlate the density of a gas with its composition; the law of 
Dulong and Petit ; our ideas of valency and molecular structure; 
the periodic law ; and the relations of stereochemistry, are all 
connected by the atomic theory, whose retention in science is 
therefore fully justified. It may not be beyond criticism; indeed, 
it should be criticized ; but it would be the utmost folly to aban- 
don the theory before something better has been framed to take 
its place. Vague and unsatisfactory are the attempts which 
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have so far been made tosupplant it. Physics, unaided by chem- 
istry, may reach the conception of molecules;. but the subdivision 
of the latter, the identification of their parts, is the function of 
the chemist alone. 

If the nature of matter is the first element in the study of chem- 
ical reactions, the nature of chemical union is the second. If 
combination consists in a juxtaposition of atoms, what is the force 
which draws and holds them together? Whether we can answer 
this question or not, we may investigate the laws under which 
chemical action is operative, and so develop an important portion 
of physical chemistry. Problems of chemical equilibrium, of lim- 
iting conditions, of affinity and the speed of reactions, all come 
under this heading, and these are fit subjects for investigation in 
the laboratory. For instance, chemical action is impossible at 
very low temperaturcs, and at sufficiently high temperatures all 
compounds dissociate ; each reaction, therefore, is confined toa 
certain part of the thermometric scale, which in many cases is 
measurable. In other words, chemical change is a function of 
temperature, no matter what additional factors its complete study 
may involve. It may also be effected through the agency of elec- 
trical or actinic impulses ; and here again experimental research 
has a wide field. Were physical chemistry restricted, as it is not, 
to this class of investigations alone, it would still have abundant 
occupation. ‘These illustrations are enough for my immediate 
purpose, but they could be multiplied indefinitely. 

Directly growing out of these two fundamental questions, and 
partly identifiable with them, are two other problems of great 
generality and importance. First, what laws connect the prop- 
erties of compounds with their composition? Secondly, what 
laws govern the transformationsof energy during chemical change ? 
Along each of‘ these lines a large amount of work has been done, 
mostly empirical ; and some regularities, some minor laws, are 
already recognized. Systematically, however, neither field is 
well known, and both offer rich prizes to the investigator. Great 
masses of more or less available data now exist; but rarely do 
we find any group adequately developed. The determination of 
constants, or the measurement of thermochemical relations, is 
tedious in the extreme ; but a vast amount of such work needs 
to be done under some definite system or plan. At present we 
have a datum here and a datum there; some one in Germany 
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makes a few measurements, some one in France, in England, or 
in America makes a few more ; but seldom is there any attempt 
at cooperation, and the isolated facts do not always fit together. 
The thermochemical data are especially difficult to determine ac- 
curately, and still more difficult to discuss in such a way as to 
develop any clearly defined law. Indeed, thermochemistry, of 
late years, has fallen out of favor, for to many chemists, despite 
its promise, it seems to lead nowhere. But laws must exist under 
all these troubling questions, and we cannot despair of their dis- 
covery. Wecan accomplish little, however, unless we consider 
each of the four great fundamental problems with reference to 
the others, for they are separable only in theory. Scientific 
research is not linear, step following step in regular succession ; 
it is a network, rather, whose interlacing threads are woven 
into patterns of infinite variety. We trace individual fibers, we 
see, more or less clearly, a part of the design; and this is the 
most that any one of us can ever hope to do. 

Now, whether we regard the fundamental questions of chem- 
istry as four in number, or condense them into two, we can use 
our classification as an aid to research. Success in the latter 
means a wise selection of problems, a choice which is conditioned 
by our strength and our resources; but the first step is to under- 
stand the bearings of what we are trying to do. Whether our 
purposes are modest or ambitious, our work must have an influ- 
ence upon that of others, and the broader the plan upon which 
it is conceived, the better the outcome will be. One bullet well 
aimed is worth more than a volley at random. One fact with a 
purpose outweighs a hundred scattering observations. We may 
well ask, therefore, what investigations are most needed by 
chemistry to-day ? 

First, as to the nature of matter, with all that that question 
- implies. Taking all kinds of matter into consideration, and 
starting with the established distinction between elements and 
compounds, it would seem to be obvious that work is most im- 
peratively needed where our information is least complete. Some 
elements, some classes of compounds, have been much more ex- 
haustively studied than others ; they, therefore, can best bear a 
temporary neglect, our attention, in the meanwhile, being con- 
centrated elsewhere. I do not mean by this that any kind of 
research should cease, only that each department should assume 
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something like reasonable proportions. To organic chemistry, 
for example, we are indebted for many methods of research, and 
for theoretical conceptions of great fertility ; but it is now time 
to apply them to inorganic substances, and to see whether they 
are generally valid. Whatever result is reached, organic chem- 
istry itself will be the gainer ; enriched by new suggestions and 
resting upon firmer foundations, its future advancement can be 
made all the more certain. Meanwhile, carbon compounds, by 
virtue of their serial relations, are of peculiar value in certain 
lines of physico-chemical investigations ; and they may also be 
profitably studied along the -vague boundary which separates 
organic from inorganic chemistry. What we may call the con- 
tact phenomena between any two departments of knowledge are 
always interesting. 

In the present revival of inorganic chemistry, a limited number 
of subjects have received the most attention. Among these I 
may name the study of double salts, of the rare earths, and of 
complex acids and bases. All this work is of value ; some of it 
is fundamental ; but more urgent, probably, is a revision of the 
older data concerning much simpler bodies. This task is not 
attractive ; it is far from brilliant in character and promises no 
startling discoveries; but it is none the less essential if we wish to 
establish the foundations of chemistry more securely. Consider 
any group of inorganic compounds, as, for example, the anhy- 
drous metallic halides, and we soon find that our knowledge of 
them is full of gaps, and that the descriptions of many presum- 
ably well-known substances are wretchedly incomplete and defec- 
tive. To remedy this condition of affairs is no small matter ; 
there are errors to eliminate and careless work to be done over ; 
but with modern resources a great improvement is possible. 
Now, thanks to physical chemistry, we can determine molecular 
weights, either by cryoscopic or ebullioscopic methods ; and in 
the periodic law we have a basis for scientific classification. With 
these acids to research the new data should assume a theoretical 
value which formerly was lacking. For instance, the structural 
side of inorganic chemistry has been wofully defective ; but now, 
knowing the molecular weights of substances, problems of struc- 
ture may be attacked to advantage. The conception of valency 
can also be tested to the uttermost degree. 

Underlying all work upon compounds, however, is the study 
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of the elements themselves. We may speculate as to their ulti- 
mate nature, or we may condemn speculation as useless ; but we 
must agree that accurate knowledge of their relations and prop- 
erties is most desirable, and especially so with respect to physico- 
chemical researches. In order to correlate the properties of com- 
pounds with the properties of their components, we must first 
determine the latter, and our present knowledge in this direction 
is exceedingly incomplete. Not one element is thoroughly 
known on the physical side, and some, indeed, have not as yet 
been definitely isolated. What we require is the exact measure- 
ment of all the physical properties of all the chemical elements 
at all available temperatures ; from such data laws are sure to 
follow. Here again the periodic law can guide us, for in its 
curves the measured constants are easiest compared. In this 
scheme, evidently the accurate determination of atomic weights 
is an important feature, for with them all else is coordinated. 
We also’need to know, more completely than we do at present, 
the molecular weights of the free elements, because the reactions 
which we really observe are between molecules and not between 
atoms. Thus, when monatomic mercury unites with octatomic 
sulphur, the phenomena which occur involve the breaking-down 
of the sulphur molecule. If, instead of mercury, we have 
diatomic oxygen or tetratomic arsenic, the reaction with sulphur 
becomes still more complex, for in each case, before combination, 
two molecules must be dissociated. The dissociation, of course, 
implies a loss of energy, of unknown amount; and in thermo- 
chemical discussions this undetermined factor is the chief 
obstacle to progress. If we could study reactions between mon- 
atomic molecules alone, we should have ideally the simplest con- 
ditions for thermochemical measurement. But such reactions 
might be difficult to identify, if indeed, they are possible at all. 
These considerations are obvious enough, but, unfortunately, 
they are sometimes overlooked. 

Of the second great problem of chemistry, the nature of chem- 
ical combination, I need say little more. Some of the subordinate 
questions which grow out of it have already been mentioned, and 
each of them is a center of activity in the chemical research of 
the day. Theentire field, however, is not covered, and here and 
there we can see evidences of neglect. First, we need to know 
under what conditions chemical change is possible. Then, if we 
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‘would truly understand what chemical attraction means, we 
‘must study much more fully than hitherto its relations to other 


forces. How do heat, light, and electricity inaugurate a reaction, 
and how are they produced by it? Questions of equilibrium are 
important, but they are subordinate to these. Furthermore, is 
chemical union of one kind only, or do we confuse different 
phenomena under the single name? Some authors write of 
atomic and molecular combinations as if they were distinct; are 
they really so, or is the separation nothing more than a confession 


-of ignorance? For example, what is water of crystallization ? 


Here is one of the commonest phenomena of chemistry entirely 
unexplained. 

Up to this point I have considered the needs of chemistry from 
the theoretical side alone, as if we had only a matter of pure 
science to deal with. But the question has other aspects, of 
equal importance to us, and these now claim our attention. In 
order to enlarge the possibilities of research, what more do we 
need in the way of opportunities and resources ? 

To the sporadic, the piecemeal, the almost accidental character 
of scientific investigation I have already referred. Rarely do we 
find a man who can take up a large problem in a large way, with 
all of its ramifications and details ; even the most favored investi- 
gator must confine his personal work within narrow bounds, 
and do the best he can in his own corner. The greater part of 
chemical discovery has been the result of individual effort,—the 
work of men who labored independently of one another, with 
rare cooperation, and often under conditions of the least favor- 
able kind. By an army of volunteers, undisciplined and unoffi- 
cered, the victories of science have been won. ‘The time is now 
ripe for something better: how to organize research is the problem 
to be solved. 

I do not mean to imply, by this suggestion, that any existing 
agency for research should be destroyed, or even supplanted, for 
such a proposition would be foolish in the extreme. Individual 
initiative, personal enthusiasm, are too precious to be lost ; they 
have their part to play in the development of science, and the 
smallest fact, discovered by the humblest worker, will always be 
welcome. I do believe, however, that present conditions may be 
improved ; that the efficiency of the individual can be increased ; 
and to this end I urge upon your consideration the possibility of 
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cooperation between those investigators who happen to be labor- 
ing in the same field. Ten men, pulling together, can do more 
than twenty who are apart. Duplication of effort, the useless 
repetition of work, can at least be avoided. 

On several former occasions I have advocated, as the most ur- 
gent need of science, the regular endowment of research. By 
this I do not mean the payment of salaries to men working at 
random, who shall each choose his own small problem and attack 
itin his own way. Such a procedure would increase facilities, 
no doubt, but it might prove to be wasteful in the end. I look 
rather to the establishment of institutions, wherein bodies of trained 
men should take up, systematically and thoroughly, the problems 
which are too large for individuals tohandle. Suppose that some 
of the wealth which chemistry has created, should return to it in 
the form of a well-built, well-equipped, and well-endowed labora- 
tory, devoted to research alone ;—what might we not expect from 
such a foundation! Libraries, museums, schools, and universi- 
ties receive endowments by the score; observatories are equipped 
for astronomical research ; why should not chemistry come in for 
her share of the benefactions? Are our achievements so great 
that we seem to need no aid? In this hint there is a modicum of 
truth ; the users of chemistry, the great industrial leaders, see 
the wonderful resources of our science, and do not realize that 
she can require more. That the giver of help should herself de- 
mand assistance, is a hard thing to explain. 

This, then, is our greatest need: the endowment of laboratories 
for systematic research, wherein chemistry and physics shall find 
joint provision. I say ‘‘ systematic research,’’ in order to dis- 
tinguish it from the uncorrelated work of separate individuals. 
In physics, or for physics primarily, a beginning has already been 
made; the Reichsanstalt at Berlin, the new physical laboratory in 
London, and the Bureau of Standards at Washington, may cover 
a part of the ground. But it is only a part, for in each case, 
and in other like institutions, the researches are undertaken 
mainly in response to industrial demands ; to furnish methods 
and standards rather than to develop principles and laws. The 
advancement of science as science is quite another affair. Neither 
does the Davy-Faraday Laboratory in London exactly meet our 
requirements. It is organized to help individuals, by giving fa- 
cilities for work, but it does not provide for the systematic in- 
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vestigation of large problems, through the combined efforts of a 
body of chemists operating under acommon plan. These insti- 
tutions are all steps in the evolution of the research laboratory, 
but the development, as yet, is incomplete. Laboratories for in- 
struction have been lavishly provided, but in them research is 
subordinate to teaching. The thesis of the studeft may repre- 
sent good work; the leisure of the instructor may be fruitful also; 
but organized research is a different thing, and must have its 
own independent resources. 

Either at public expense, or by private enterprise, laboratories 
for research should be establislied in all of the larger civilized 
countries. By conference between them their work could be so 
adjusted as to avoid repetition, each one reinforcing the others. 
Their primary function should be to perform the drudgery of sci- 
ence; to undertake the tedious, laborious, elaborate investigations 
from which the solitary worker shrinks, but which are neverthe- 
less essential to the healthy development of chemistry. Brilliant 
discoveries might be made in them, but incidentally, and not as 
their main purpose. Such discoveries would surely follow if the 
fundamental work was well done, but the latter should come first 
as being the most essential. Whether we serve pure science or 
applied science, we all feel the need of data which are as yet un- 
determined, and whose ascertainment we cannot undertake our- 
selves. How often we are baffled in our own researches for want 
of just such material! In the verification of methods and the de- 
termination of constants, the research laboratory would have 
plenty to do, even were nothing more attempted. 

By the creation of laboratories such as I have suggested, the 
independent scholar might be aided in many ways. The antece- 
dent data, without which his researches are crippled, could often 
be furnished, thus opening pathways where obstacles now exist. 
Furthermore, the desirable cooperation between investigators 
would become a much simpler matter to arrange than it is now. 
Every laboratory for research would become a nucleus around 
which individual enterprises might cluster, each giving and re- 
ceiving help. A great work, wisely planned, always attracts co- 
laborers; its mere suggestiveness is enough to provoke widespread 
intellectual activity. Here there is no monopoly, no limit to 
competition, no harmful rivalry ; every research is the seed of 
other researches, and every advance made by one scholar implies 
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the advance of all. In the realm of thought we gain by giving, 
and the more lavish our offerings, the richer we become. 

We glory in the achievements of chemistry, and we find merit 
also in its imperfections, for they give us something more to do. 
Never can the work be finished; never can all its possibilities be 
known. Hitherto the science has grown slowly and irregularly, 
testing its strength from step to step, and securing a sure foot- 
hold in the world. Now comes the time for better things: for 
system, for organization, for transforming the art of investigation 
itself into something like a science. The endowment of research 
is near at hand, and the results of it will exceed our most san- 
guine anticipations. 





A TYPE OF REACTION BY WHICH SODIU!1 CARBONATE 
AND HYDROCHLORIC ACID MAY BE FORMED 
IN THE ANIMAL ORGANISS1. 


By THOMAS B. OSBORNE. 

Received September 28, 1901. 
N a preceding paper' I have called attention to the basic 
properties of protein substances and have shown that prepara- 
tions of the crystalline globulin edestin, as usually obtained 
from the hemp seed, are mixtures of salts, chiefly chlorides and 
sulphates. The nature of this combined acid depends upon the 
salts present in the solution at the time of precipitation, the acid 
of the seed sufficing to enable some of each of the acids of these 

salts to combine with the protein. 

These facts led me to examine the precipitate produced by 
carbonic acid, in a dilute sodium chloride solution of edestin, as 
it seemed possible that this might consist chiefly of chloride. 

A quantity of a relatively pure preparation of edestin, which 
had been several times recrystallized from a warm dilute sodium 
chloride solution by cooling, was suspended in water and made 
exactly neutral to phenolphthalein by decinormal potassium 
hydroxide solution. The edestin thus neutralized was washed 
with water and dissolved in sodium chloride brine. The solution 
was diluted with water until ‘it became slightly turbid and 
carbonic acid gas was passed through it until the edestin 
appeared to be completely precipitated. This was filtered out, 


washed thoroughly with 1 per cent. sodium chloride solution 
4 This Journal, 24, 39. 
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and then with 50 per cent. alcohol, until no chlorine could be 
detected in the washings, dehydrated with absolute alcohol and 
dried over sulphuric acid. The substance thus prepared, while 
insoluble in dilute sodium chloride solution, was largely soluble 
in pure water, as well as in strong sodium chloride brine, yielding 
solutions acid to litmus and to phenolphthalein ; to neutralize 1 
gram to the latter indicator, 1.9 cc. of decinormal potassium 
hydroxide solution was required. Fifteen grams of this prepa- 
ration were treated with freshly boiled water and 28.5 cc. of deci- 
normal potassium hydroxide solution, diluted with much water, 
were added. The edestin, which separated completely from the 
solution, was then filtered out, washed with water and the filtrate 
and washings evaporated on a water-bath. The residue was 
dried at 110° and analyzed with the following results: 


Gram. 





Organic matter. ..... ceeeceeeecccececseecs 0.0222 
Inorganic matter.......sceee cccccsccccces 0.2123 
"Total FESIAUE s<.s'v nine os cisiccies ewascicieie 0.2345 


The inorganic residue contained : 


Gram 
Potassium chloride. ..... cccscecccsccccees 0.1994 
Potassium sulphate.........+.s+++ 00s ~see2 0.0153 


The potassium added was equivalent to 0.2127 gram of 
potassium chloride, so that over 93 per cent. of the potassium 
added was recovered as chloride. From this analysis we find 
that with 15 grams of edestin, equal to 13.5 grams dried at 
110°, 0.0976 gram of hydrochloric acid or 0.072 per cent. of the 
protein had been precipitated. Corresponding to this quantity 
of hydrochloric acid, 0.1417 gram of sodium carbonate must have 
been produced in the salt solution by the carbonic acid. It seems 
probable that by a similar reaction both sodium carbonate and 
hydrochloric acid may be formed from sodium chloride in ‘the 
organism, since there is always sodium chloride and protein 
matter present where carbonic acid is produced in the tissues.’ 


1 Cf. Schulz: Pfliiger’s Archiv., 27, 454. 
RESEARCH LABORATORY OF THE CONNECTICUT 
AGRICULTURAL EXPERIMENT STATION. 











SULPHUR IN PROTEIN BODIES. 
By THOMAS B. OSBORNE. 
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I. HISTORICAL 


RUGER' has pointed out that the ‘‘sulphur content of 
legumin, casein, fibrin and ovalbumin are to each other as 
4:8:12:16, from which one can conclude that the number of 
sulphur atoms in them are as 1,:2,:3, * * * ‘‘ Leaving 
out of consideration the unknown molecular weight and, instead, 
taking into account the number of sulphur atoms, an equally 
great molecular weight may be assumed for all proteins. A com- 
parison of this equally great atomic complex is possible, in re- 
spect to sulphur, because the proportion of the other elements in 
these bodies varies so little that it has no influence on the sulphur 
content.’? 

Some time ago, before I was aware of Kriiger’s suggestions, I 
reached the same conclusion by a different line of reasoning. I 
pointed out’ that the molecular weight of those proteins which 
contain but 0.4’per cent. of sulphur must be at least 15,000 if 
there are two atoms of sulphur in their molecules and that simi- 
lar molecular weights are obtained for a large number of the 
more carefully analyzed proteins, if their simplest empirical for- 
mulas, calculated on the basis of a single atom of sulphur, are 
multiplied by such a whole number as to give molecular weights 
nearest to 15,000. 

The results thus obtained all fall so near to one another as to 
strongly suggest that all these bodies have similar molecular 
weights not far from (15,000),. 

The fact that the proteins all react with very small quantities 
of acids and alkalies and closely resemble one another in many of 
their physical characters, also indicates that they have similar 
high molecular weights. Further, the oxyhemoglobins from 
horse and dog blood must contain at least one molecule of pro- 
tein, and as these have been shown by Zinoffsky*® and Jaquet‘ to 
contain, respectively, 2 and 3 atoms of sulphur to 1 of iron 
(see page 161), the protein contained in them cannot have a 


1 Kriiger: Pfliiger’s Avchiv., 43, 244. 
2 This Journal, 21, 486. 

5 Ztschr. physiol. Chem., 10, 16. 

4 Jbzd., 12, 284, and 14, 289. 
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molecular weight very far from 15,000, or a multiple of this. 
Furthermore, Sabanieff,' in studying the lowering of the freezing- 
point caused by colloid substances, found that those colloids, of 
which the molecular weight was known, depressed the freezing- 
point to nearly the calculated extent and that the depression of 
the freezing-point caused by purified ovalbumin indicated a molec- 
ular weight of about 15,000, a result which shows that the 
molecular weight of this substance is, at least, much higher than 
that corresponding to three atoms of sulphur. 

In view of these considerations it seemed important to deter- 
mine, as accurately as possible, the total sulphur in a considerable 
number of different proteins, in order to learn whether this 
formed a perfectly definite constituent of these substances and to 
also determine whether the fraction of this sulphur, converted into 
sulphide by heating with strong alkaline solutions, corresponded 
to a definite number of the atoms in the formulas calculated ac- 
cording to the method above described. 

Fleitmann’ long ago showed that a part only of the sulphur of 
proteins was removed by heating with caustic alkali. Danielew- 
ski’ confirmed Fleitmann’s observations and later‘ called attention 
to their importance and to the fact that they had apparently been 
disregarded by all those writers who had attempted to give for- 
mulas for the protein bodies, since these formulas were all con- 
structed on the basis of a single sulphur atom. 

Kriiger® determined the proportion of sulphur thus detached 
from ovalbumin and from fibrin and discussed at length the possi- 
ble ways in which this sulphur could be united within the atomic 
complex which was split off and also the way in which the re- 
maining sulphur could be united within the protein molecule. 
He also gave a table showing the structural formulas of various 
well-known sulphur compounds and, as far as possible, the be- 
havior of these toward alkaline lead solutions. 

Suter® studied the behavior of several proteins when treated 
with hot alkaline lead solutions, and noted, as did Kriiger before 
him, the similarity of their behavior to that of cystin under the 
same conditions. 


1 Chem. Centrbl., 10, 1891. 
2 Fleitmann: Ann. Chem. (Liebig), 61, 121, and 66, 380 (1847). 
3 Danielewski: Zéschr. Chem., 12, 41 (1869). 

4 Danielewski: Zéschr. physiol. Chem., 7, 443 (1883). 

5 Kriiger: Pfliiger’s Archiv., 43, 244 (1888). 

6 Suter: Ztschr. physiol. Chem., 20, 564 (1895). 
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Schulz' reviewed the work of the preceding investigators and 
attributed the lack of agreement between their quantitative re- 
sults to a partial oxidation of the sulphide during the long heat- 
ing required for its complete separation. This he attempted to 
obviate by adding metallic zinc to the soda solution. After satis- 
factorily testing this method with sodium thiosulphate, sulpho- 
urea, and thioacetic acid, he applied it to several proteins. 

Since the work to be described in this paper was completed, 
K. A. H. Moerner’ has isolated cystin from the decomposition 
products of horn, hair, egg membrane, and serum albumin and 
further found that in the solutions freed from cystin another sul- 
phur-containing body was present which yielded lead sulphide on 
treatment with hot alkaline lead solutions. This latter body, 
however, he did not identify. Embden’* has independently con- 
firmed Moerner’s observations, but considers cystein to be the 
primary decomposition product of serum and egg albumin and of 
edestin, and that cystin is a secondary product derived from 
cystein. 

Since Schulz’s method appears to yield satisfactory results, I 
have used it to determine the amount of loosely bound sulphur in 
a number of the protein substances which have been prepared 
and studied during the past few years in this laboratory and have 
compared the results with those obtained by heating the proteins 
under pressure with strong alkaline solutions at various tempera- 
tures. I have also carefully determined the total sulphur which 
these proteins contain, and give the amount found in each, in the 
following pages. 

II. ANALYTICAL METHODS. 
a. Determination of Total Sulphur. 


About 10 grams of sodium peroxide were converted into hy- 
droxide* in a nickel crucible by adding a little water and boiling 
over an alcohol lamp until the excess of water was expelled. 
From 1 to 2 grams of the protein were then stirred into the slightly 
cooled hydroxide and oxidized by gradually raising the heat and 
adding small portions of sodium peroxide until the oxidation was 


1 Schulz: Ztschr. physiol. Chem., 25, 16 (1898). 

2 Moerner: /did., 28, 595 (1899) ; also Proceed. 13th Inter. Con. Med. Sec. d. physiol., 
etc., p. 15, Paris, 1900. 

% Embden : Zéschr. physiol. Chem., 32, 94 (1901). 

4 I have found commercial sodium peroxide to be freer from sulphurthan most prep- 
arations of so-called chemically pure sodium hydroxide made from the metal, and as the 
former is very much cheaper than the latter it is advantageous to use it as here described. 
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complete. The fused mass was then dissolved in 400 cc. of water, 
its solution strongly acidified with hydrochloric acid, boiled until 
the excess of peroxide was destroyed and chlorine expelled, fil- 
tered through pure paper, made neutral with ammonia, and an 
excess of 4 cc. of concentrated hydrochloric acid added. From 
the boiling solution, sulphuric acid was precipitated by gradually 
adding a solution containing 1 gram of barium chloride. After 
standing over night on a steam table, the barium sulphate was 
filtered out, washed, ignited, and weighed. 

b. Determination of Loosely Bound Sulphur—Schulz’s Method. 

Schulz’s method consists in boiling, with a reflex condenser for 
several hours, 1 gram of the protein with 50 cc. of 30 per cent. 
sodium hydroxide solution containing 1 gram of metallic zinc 
and a little lead acetate. After slightly acidifying the solution 
with acetic acid, the lead sulphide formed is filtered out, washed 
with water, dried and fused, together with the filter-paper, with 
sodium hydroxide and potassium nitrate. In following Schulz’s- 
method, the lead sulphide was fused with sodium hydroxide and 
peroxide. The fusion is dissolved in water, its solution treated 
with carbonic acid (to remove lead), filtered, evaporated with an 
excess of hydrochloric acid, and sulphur determined as barium 
sulphate in the usual way. 

Pressure Method. 


From 1 to 5 grams of. the protein were thoroughly mixed in a 
nickel crucible with 50 cc. of 50 per cent. sodium hydroxide solu- 
tion containing some lead acetate, and the mixture heated in an 
autoclave for from two to seven hours, at temperatures of from 
135° to 165° C., oxidation being prevented by absorbing the oxy- 
gen in the air within the autoclave with sodium pyrogallate. 
The lead sulphide, formed by thus heating, was filtered out, 
washed with water, dried, fused with sodium hydroxide and per- 
oxide, and since the presence of silica was avoided by using nickel 
vessels, the sulphur was precipitated as barium sulphate directly 
from the acidified solutions of the fusion under the conditions 
used for determining total sulphur. 

III. DETERMINATION OF TOTAL AND LOOSELY BOUND SULPHUR 
IN VARIOUS PROTEINS. 
Edestin. 
This protein occurs in the seeds of hemp, flax, and squash, and 
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also in the castor bean. 
crystals when its saline solutions are dialyzed or cooled, relatively 
pure preparations of it can easily be made. 

In order to learn with what degree of accuracy the total sul- 





As edestin separates readily in octahedral 


phur can be estimated and to establish the constancy of its sul- 
phur content I have made the following determinations in twenty- 
four different crystallized preparations from the hemp seed, repre- 
senting numerous fractional precipitations and different methods 
of preparation. 


TABLE I.—PERCENTAGE OF TOTAL, SULPHUR IN PREPARATIONS OF EDESTIN 


FROM HEMP SEED. 





I. II. III. IV. v. VI. vu. 
0.931 0.934 0.980 0.895 0.983 0.960 0.944 
0.942 0.924 0.938 tee 0.963 0.941 
0.910 0.937 Tee coe cece 
VIII. IX. KK, XI. XII. XIII. XIV. 
0.990 0.990 0.997 0.943 0.874 0.864 0.900 
©.972 =< wees 0.987 vee 0.900 0.866 

XV. XVI. XVII. XVIII. XIX, XX, XXI. 
0.902 0.893 0.934 0.941 0.964 0.939 0.932 


The average of these figures is 0.936 per cent., the lowest being 
0.066 per cent. below, the highest 0.06 per cent. above the 
average. The difference shown by these several preparations are 
not analytical, as the extreme figures are confirmed by closely 
agreeing duplicates. 

It is evident from these results that it is possible to determine 
total sulphur with considerable accuracy, and it is also 
evident that these several preparations do not contain ex- 
actly the same amount of sulphur. I have previously shown’ 
that, owing to the natural acidity of the seed, crystallized 
edestin, as usually prepared, consists of a mixture of compounds 
of a basic protein molecule with acids, the nature of the acids de- 
pending upon the character and proportion of the salts present at 
the time the edestin was precipitated. Thus, when preparation 
XXIII, crystallized from ammonium sulphate solution, was sus- 
pended in water and neutralized to phenolphthalein by potassium 
hydroxide solution, the edestin remained undissolved and was 
separated by filtration from the water, in which was found a 
quantity of potassium sulphate corresponding to the amount of 
acid neutralized. This and another preparation similarly made 


contained the following amount of total sulphur : 
1 This Journal, 24, 39. 
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XXII. XXIII. 
Per cent. Per cent. 
1.125 1.084 
Sulphur I.110 
1.103 


The acidity of these preparations to phenolphthalein was equal 
to an amount of sulphuric acid corresponding to the excess of sul- 
phur in them above that of the average of I-X XI, all of which 
latter were made from sodium chloride solutions. These latter 
preparations, neutralized in the above described manner, yielded 
chiefly potassium chloride, but together with this chloride a small 
proportion of sulphate was always found. The differences in sul- 
phur content of preparations I-X XI are thus explained. This 
excess of sulphur is therefore not to be regarded as belonging to 
the protein molecule. The amount of such sulphur is not great, 
since the total acidity of the preparations in no case exceeded 
1.2 cc. of a decinormal solution per gram, which corresponds to 
sulphuric acid containing sulphur equivalent to 0.19 per cent. of 
the protein. 

Such an excess of sulphur is shown by preparations XXII and 
XXIII in which, as already stated, I found by actual analysis 
that the acidity was due to sulphuric acid. 

In order to find the true amount of sulphur belonging to the 
edestin molecule I determined the total sulphur in a very pure 
and perfectly neutral preparation, made by several times recrys- 
tallizing edestin chloride, neutralizing its solution to phenolphthal- 
ein and again crystallizing. Two determinations of sulphur in 
this preparation gave 0.880 and 0.887. 

The average of these figures, 0.884, unquestionably closely 
represents the total sulphur contained in the edestin molecule. 

With this result several of the preceding agree closely (namely, 
IV, XII, XIII, XIV, XV, and XVI), all of which are either 
preparations consisting mostly of bichloride, soluble in pure water, 
which neutralization experiments have shown to yield extremely 
small amounts of potassium sulphate, or were preparations ob- 
tained from solutions made neutral to phenolphthalein.* 

In order to learn with how much accuracy the loosely bound 
sulphur of edestin can be determined, the following large number 
of trials were made : 

1 This Journal, 24, 39. 
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TABLE II.—PERCENTAGE OF LOOSELY BOUND SULPHUR IN EDESTIN. 
One gram boiled with 30 per at NaOH, Zn, and Pb(Cs.H30.)>. 
7 





¥ hours. 
VIII. XI. XVI. XVII. XXIII. XX. 
0.282 0.376 0.355 0.309 0.297 0.348 
0.263 0.286 0.321 0.303 sees 0.302 


0.277 0.277 


One gram heated in autoclave with 30 per cent. NaOH and Pb(C.H30s)o. 
F 5 grams at 165°. 








At 135°, 2 hours. At 135°, 3 hours. 7% hours. 
VII. XXIII. VIII. XVI. XXIII XXIV. XXV. 
0.366 0.307 0.276 0.275 0.314 0.339 0.363 
0.297 cace eees 0.265 0.300 0.344 0.347 
ooee eeee eee eee 0.297 eee 0.340 
0.240 J5Se 0.337 


Of the determinations made with 1 gram of edestin, four areas 
high as those obtained with 5 grams at the higher temperature ; 
the average of them all, however, is slightly but distinctly lower. 
As the results obtained with 5 grams of edestin at the higher 
temperature are probably the most accurate, their average, 0.346 
per cent., may be considered to most closely represent the propor- 
tion of loosely bound sulphur, which can be obtained from edestin 
as lead sulphide. 

Excelsin 


Excelsin is obtained from the Brazil-nut (Bertholletia excelsa) 
by extraction with sodium chloride brine and is deposited in 
crystalline hexagonal plates by dialyzing its saline solutions. 
Five different preparations of excelsin contained the following 
amounts of sulphur : 


TABLE III].—PERCENTAGE OF TOTAL SULPHUR IN EXCELSIN. 
1.1 2.1 3.1 42 5-2 
1.06 112 1.07 1.083 1.109 

The average of these figures, 1.088, closely represents the total 
sulphur of excelsin. 

In making preparation 4, the oil-free meal was extracted with 
sodium chloride brine, the extract saturated with ammonium sul- 
phate, the precipitate produced dissolved in water, its solution 
made neutral to litmus with sodium carbonate, and the excelsin 
precipitated in crystals by dialysis in water. 


1 Osborne : Am. Chem. /., 14, 662. 
2 Preparations made recently. 
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Preparation 5 was made by dialyzing a perfectly clear sodium 
chloride extract of the oil-free meal in running water, whereby 
the excelsin was deposited in uniformly large hexagonal plates. 

As no more sulphur was found in preparation 4 than in 5, it is 
evident that excelsin does not take up sulphuric acid from its 
saline solutions as readily as edestin does. 

Excelsin is soluble in water when made neutral to phenolphthal- 
ein and therefore it has not been possible to identify the acids 
which are combined with it by the method applied to edestin. 

The amount of loosely bound sulphur was determined in prepa- 
rations 4 and 5 under ‘the conditions given below. 


TABLE IV.—PERCENTAGE OF LOOSELY BOUND SULPHUR IN EXCELSIN. 


Heated in autoclave with 








One gram boiled with 30 per cent. 30 per cent. NaOH. 
NaOH, Zn, and Pb(C.H,:02)>. - 5 
7% hours. One gram at 135°. Five grams at 165°. 
2 hours. 4% hours. 
8 5 4 3 5 

0.339 0.347 0.294 0.293 0.350 
0.321 0.344 cone e<ee <alee 
0.289 0.297 
0.277 0.290 
0.257 0.284 

wees 0.281 


The result obtained at 165° agrees closely with the higher fig- 
ures found by Schulz’s method, and as experimental errors were 
diminished in this determination by employing a larger amount of 
substance, 0.350 per cent. may be taken as the proportion of 
loosely bound sulphur that can be obtained from excelsin. 


Legumin. 


Legumin, found in considerable quantity in the seeds of the 
pea, horse bean, vetch and lentil, is a protein substance having 
the properties of a globulin. It is not a nucleo-proteid, as stated 
by Hammarsten, since the many pure preparations, which I have 
made, were entirely free from phosphorus.’ The loosely bound 
sulphur was determined in carefully purified preparations, made 
according to the methods described in my papers last cited. 
Several closely agreeing new determinations of the total sulphur in 
these preparations showed them to contain the following propor- 
tion : 


1 Osborne : Report of the Connecticut Agricultural Experiment Station for 1895, p. 262, 
and 1897, p. 324; also This Journal, 18, 583, and 20, 348, 362, 393, 406, and 410. 








148 THOMAS B. OSBORNE. 


TABLE V.—PERCENTAGE OF TOTAL SULPHUR IN LEGUMIN. 
Pea. Lentil. Horse-bean. Vetch, 
0.371 0.390 0.390 0.389 


The percentage of loosely bound sulphur obtained from these 
preparations by different methods was as follows : 


TABLE VI.—PERCENTAGE OF LOOSELY BOUND SULPHUR IN LEGUMIN. 


One gram boiled with One gram with 30 . ial Five grams with 30 per 
30 percent. NaOH, Zn, cent. NaOH an cent. NaOH, Zn, and 
and Pb(C2H302)o. Pb(CeH302)o at 135°. Pb(CoH30¢e)e at 165°. 
7% hours. 2 hours. 5 hours. 
O.I 
Pea «cccscccces 43 
0.143 
Horse-bean ---- 0.193 0.164 0. 186 
ee ar 0.193 is 
0.159 
(OT. eee f Pos 0,150 
(0.160 5 


The average of the figures for total sulphur is 0.385 per cent. 
and for the loosely bound sulphur 0.166 per cent. 


Vignin. 


Under this name I described the chief protein of the cow pea’ 
and gave its sulphur content as 0.50 per cent. 

Through an oversight, the correction for a small amount of 
sulphur contained in the reagents used at that time was omitted 
and consequently this figure for sulphur is a little too high. I 
have since repeated these determinations on all but one of the 
preparations described, and have obtained the following results : 


TABLE VII.—PERCENTAGE OF TOTAI, SULPHUR IN VIGNIN. 


I 2 3 4 6 8 9 
Sevcceee 0.382 0.443 0.356 0.365 0.360 0.416 0.417 
0.439 


The average of these figures is 0.391. 

Preparation 2 constituted the greater part of all the protein ex- 
tracted from the seed, whereas 3, 4, and 6, successively precipi- 
tated from the filtrate from 2, formed a relatively small part of 
the total protein matter. As 8 and 9, fractions of 2, contain 
nearly the same quantity of sulphur as 2, the average of the fig- 
ures given for these three preparations, 0.426, may be taken as 
closely representing the total sulphur or vignin. 


1 Report of Connecticut Agricultural Experiment Station for 1896, p. 380; also This 
Journal, 19, 494. 
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TABLE VIII.—PERCENTAGE OF LOOSELY BOUND SULPHUR IN VIGNIN. 


One gram boiled with 30 per cent. Nd4OH, One gram with 30 per cent. NaOH 


Zn, and Pb(CsH30¢)>. and Pb(C.H3O>). at 135°. 
7% hours. 3 hours. 
0.210 0.220 
0.213 
The average of these figures is 0.214 per cent. 
Amandin. 


Amandin is the most abundant protein in the seeds of the 


almond and peach. 
In a former paper’ I gave the total sulphur in five preparations 
of amandin as follows : 


TABLE IX.—PERCENTAGE OF TOTAL SULPHUR IN AMANDIN. 
I 2 3 4 5 
0.39 0.44 0.48 0.45 0.48 

A redetermination of sulphur in 3, using 1.6688 grams, gave 
0.429 per cent. Preparations 2, 3, and 4 were precipitated with 
ammonium sulphate; I and 5 were made without using this salt. 

The recent determination of sulphur, which is probably the 
most accurate, shows that amandin contains about 0.429 per cent. 
of sulphur. 


TABLE X.—PERCENTAGE OF LOOSELY BOUND SULPHUR IN AMANDIN. 


One gram boiled with 30 per cent. NaOH, Five grams with 30 per cent. 
Zn, and Pb(C.H30e)e at 135°. NaOH and (PbC.H3;02). at 165°. 
2 hours. ‘ 3 hours. 
0.180 0.217 
0.172 aaa 
0.165 


The result obtained at the higher temperature and with the 
larger amount of substance is doubtless the most correct of the 
above figures, so that 0.217 per cent. may be taken as the propor- 
tion of sulphur which can be obtained from amandin, as sulphide. 

Glycinin. 

The greater part of the protein matter of the soy bean is 
glycinin, a globulin described in a paper previously published.’ 
Careful redeterminations of sulphur in several of the preparations, 
described in the paper cited, showed that the figures there given 
were nearly correct ; the average of the new determinations gave 


1 Osborne and Campbell: Report of the Connecticut Agricultural Experiment Station 


for 1895; This Journal, 18, 487. 
2 Osborne and Campbell: Report of the Connecticut Agricultural Experiment Station 


for 1897 ; also This Journal, 20, 419. 
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0.700 per cent. of sulphur against the published figure, 0.72 per 
cent. The total sulphur in glycinin is therefore 0.710 per cent. 


TABLE XI.—PERCENTAGE OF LOOSELY BOUND SULPHUR IN GLYCININ. 
One gram boiled with 30 per cent. NaOH, Five grams with 30 percent. 


Zn, and Pb(C2,H30.)o. NaOH and Pb(C2H302). at 165°. 
7% hours. 3 hours, 
f 0.321 0.317 
Preparation 2..... Mri ware 
[o- 263 ‘ 
Preparation 14.--- 0.286 ree 


Since the result obtained with 5 grams of glycinin agrees 
closely with the higher figures obtained by boiling at the atmos- 
pheric pressure, we may safely assume that glycinin yields very 
nearly 0.320 per cent. of sulphur as sulphide. 

Glhadin. 


Gliadin, soluble in alcohol of 70-80 per cent., is one of the 
most abundant proteins of the wheat kernel. Ina paper on the 
protein constituents of this seed,’ the total sulphur of gliadin was 
given as 1.14 per cent. 

This figure was the average found in a large number of prep- 
arations, all of which were not entirely pure. Careful redeter- 
minations of sulphur in several of the purest of these preparations 
gave the following results : 

TABLE XII.—ToTalL, SULPHUR IN GLIADIN. 


17 33 28 29 33 
1.124 1.002 1.022 1.030 1.058 
1.124 sees 1.005 see 1.027 


Excluding the figures given for 17, which for some reason con- 
tains more sulphur than the others, the average sulphur content 
of gliadin appears to be 1.027 per cent. 

The preparation of gliadin used in the following experiments 
consisted of a mixture of several of the purer products obtained 
in the former investigation and contained 1.044 per cent. of sul- 


phur. 
TABLE XIII.—PERCENTAGE OF LoOSELY BOUND SULPHUR IN GLIADIN. 
One gram boiled with One gram with 30 per Five grams with 30 per 
30 per cent. NaOH, Zn, cent. NaOH an cent. NaOH and 
and Pb(C2,H30.).. Pb(CeH3O¢)¢ at 135°. Pb(CeH302)¢ at 165°. 
7% hours. 4 hours. 5 hours. 
0.627 0.635 0.624 
0.516 sees 0.611 
eee 0.600 


1 Osborne and Voorhees: Am. Chem. /., 1§, 392. 
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The average of these figures, excluding the lowest, is 0.619, 
which doubtless nearly represents the percentage of loosely bound 
sulphur in gliadin. 

Hordein, 

Hordein, soluble in strong alcohol, occurs in quantity in the 
barley grain. 

In ten different preparations, representing fractional precipita- 
tions of this substance, the average content of sulphur was 0.83 
percent." Ina preparation recently made for the experiments here 
described, the total sulphur was 0.847 per cent. 


TABLE XIV.—PERCENTAGE OF LOOSELY BOUND SULPHUR IN HORDEIN. 
“One gram boiled with 3oper One gram with 30 per cent. Five grams with 30 per cent. 


cent. NaOH, Zn, and NaOH and Pb(C,H30.)e NaOH and Pb(C.H302)s 
Pb(C2H302)o. at 135°. at 165°. 
7% hours. 4 hours, 3 hours. 
0.348 0.338 0.358 


The average of these figures gives 0.348 per cent. of loosely 
dound sulphur in hordein. 
Zein. 


Zein is the most abundant protein found in the maize kernel. 
It is especially characterized by its ready solubility in alcohol of 
‘go to 95 per cent., though in absolute alcohol it is wholly in- 
soluble. In a former paper’ the average amount of total sulphur, 
in nine different preparations of zein, was given as 0.60 per cent. 


TABLE XV.—PERCENTAGE OF LOOSELY BOUND SULPHUR IN ZEIN. 


“One gram boiled with 30 per One gram with 30 per cent. Five grams with 30 per 
cent. NaOH, Zn, and NaOH and Pb(C2.H;02)2 cent. NaOH and 
Pb(CoH30o)o. at 135°. Pb(CoH30¢)2 at 165°. 
7% hours. 2 hours. 434 hours. 
0.243 0.161 0.212 
0.248 0.160 wean 


The result obtained with five grams of zein at 165° probably 
represents most nearly the amount of loosely bound sulphur 
yielded by zein, which may therefore be taken as 0.212 per cent. 


Phaseolin. 


Ina former paper on the proteins of the kidney bean,’ I gave the 
average amount of sulphur found in twenty-four different prepara- 
tions of phaseolin as 0.56 per cent. Among these preparations 


1 Osborne: Report of the Connecticut Agricultural Experiment Station for 1894, p. 165; 
also This Journal, 17, 539. 

2 Chittenden and Osborne : Am. Chem. /., 13, 327, 385, and 14, 20. 

8 Osborne : Report of the Connecticut Agricultural Experiment Station for 1893; also 


This Jou. -1al, 16, 633, 703 and 757. 
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was one consisting almost wholly of octahedral crystals in which 

duplicate determinations give 0.33 and 0.29 per cent. of sulphur. 

I have since prepared a large quantity of phaseolin by extracting 

the bean meal with ro per cent. ammonium sulphate solution, 

precipitating the proteins by saturating the extract with the 

same salt, dissolving the precipitate in water, filtering the result- 

ing solution and then dialyzing it for four days. The precipitate 

which first formed consisted of relatively large octahedral crys- 

tals, with which amorphous matter was afterwards deposited. 

This precipitate, Ar, was filtered out, redissolved in ammonium , 
sulphate solution and the filtéred liquid dialyzed for four days, 

whereupon considerable precipitate, A2, separated, consisting of 
amorphous matter and octahedral crystals, some of which were 

large enough to be easily recognized by the naked eye. Several 

grams of these crystals, Aa, were separated by elutriation 

nearly: free from amorphous matter and were found to contain 

0.265 per cent. of sulphur. The solution filtered from this 
last dialysis precipitate yielded, after seven days’ further 
dialysis, 58 grams of partly crystallized phaseolin, Ar, which 

contained 0.328 per cent. of sulphur. 

The filtrate from the first dialysis precipitate, A1, above 
described, after dialyzing for four days more, gave a large pre- 
cipitate which, when redissolved and again precipitated by dialy- 
sis, yielded 67 grams of Az, containing 0.356 per cent. of sul- 
phur. By dialyzing the filtrate from the first precipitation of A2 
for seven days longer, 22 grams of A3 were obtained, which con- 
tained 0.417 per cent. of sulphur. 

From these results and those of the earlier investigation, it 
appears that uncertainty still exists respecting the total sulphur 
of phaseolin, and until we can prepare this substance in a com- 
pletely crystallized condition it is impossible to assign a precise: 
value to its sulphur content. 


TABLE XVI.—PERCENTAGE OF LOOSELY BOUND SULPHUR IN PHASEOLIN.. 
One gram boiled with 30 per cent. Five grams with 30 per cent. 


NaOH, Zn, and Pb(C2H302)o. NaOH and Pb(C,H302)2 at 165°. 
7% hours. 5% hours. 
- { 0.062 
Preparation AI ...- 10.079 0.063 


0.092 


Preparation A2...- { 0.076 


The average of these figures is 0.072 per cent. 
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Vicilin. 

Vicilin is a globulin, found by the writer in the seeds of the 
pea, lentil, and horse bean, and described in papers published 
‘some time ago.’ This substance, like phaseolin, presents an un- 
certainty respecting its total sulphur. Twenty-one preparations, 
whose complete analyses agreed closely in other respects, con- 
tained from 0.23 to 0.08 per cent. of sulphur. This difference 
was not analytical, as the extreme figures were confirmed by du- 
plicate determinations ; thus for preparation 62, I found 0.08 and 
0.07 per cent., for 84 0.10 and 0.09, and for 94 0.103 and 0.099 
per cent., while for 55 I obtained 0.21 and 0.24, and for 580.21 
and 0.20 per cent. of sulphur. 

This difference among the preparations might be due to a mix- 
ture of a sulphur-free protein and legumin, with which vicilin is 
-associated in these seeds, but this seems hardly possible, since the 
preparations with 0.20 per cent. of sulphur would, in this case, 
contain 50 per cent., and those with o.10 per cent. of sulphur 
25 per cent. of legumin, which, if present in such different pro- 
portions, would probably cause greater differences in composition 
than were shown by the successive fractional precipitations of 
vicilin, which apart from sulphur showed no notable differences 
in composition. Further, the very limited solubility of legumin 
in the dilute salt solutions, from which vicilin was obtained, 
makes it highly improbable that we have here a mixture of a sul- 
phur-free protein with a very notable amount of legumin. 

The actual sulphur content of vicilin is a matter of importance 
in relation to the molecular weight of this substance, since, if but 
one atom of sulphur is contained in its molecule and sulphur is 
present in all the molecules of those preparations which contained 
but o.10 per cent. of sulphur, the molecular weight of vicilin 
must be approximately 30,000 and if the molecules contain two 
atoms of sulphur, 60,000. It is possible, however, that the sul- 
phur-containing complex in vicilin is so loosely combined that it 
is easily detached, so that the preparations become mixtures of 
molecules containing sulphur and those containing none. This 
latter possibility seems probable since 1.58 grams of 94, from the 
horse bean, in which two determinations gave 0.103 and 0.099 
per cent. of total sulphur, when heated for three hours with 30 


1 Osborne and Campbell: Report of the Connecticut Agricultural Experiment Station 
forj1897 ; also this Journal, 20, 348, 362, 393, and 410. 
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per cent. sodium hydroxide and lead acetate at a temperature of 
165°, yielded but a trace of lead sulphide. Unfortunately no 
more of any other preparation containing so little sulphur was. 
available, with which this observation could be confirmed. 

The amount of loosely bound sulphur found in vicilin was de- 
termined in a preparation from the pea which contained 0.220 
per cent. of total sulphur. 


TABLE XVII.—PERCENTAGE OF LOOSELY BOUND SULPHUR IN VICILIN. 


One gram boiled with 30 per Five grams with 30 per cent. 
cent. NaOH, Zn, and NaOH and PbiCsH302)> 
Pb(CoH302)o. at 165°. 
7% hours. 4% hours. 
0.117 0.084 
0.087 aed 


Five grams of another preparation, 93, which contained 0.150 
per cent. of total sulphur, when treated for four and one-half 
hours at 165° with 30 per cent. sodium hydroxide and lead 
acetate, yielded 0.058 per cent. of sulphur as sulphide. 

From these results it seems possible that from vicilin, sulphur 
is more easily detached than from the other proteins. 


Conglutin. 


An extended study of conglutin has shown’ that from the seeds 
of the yellow lupin, by extracting with brine and precipitating by 
dialysis or by abundant dilution, preparations are obtained which 
contain about o.9 per cent. of sulphur, while from the blue lupin 
preparations similarly obtained contain from 0.40 too.50 per cent. 
By fractional precipitation the crude conglutin from the yellow 
lupin can be separated into fractions, which have a pretty constant 
sulphur content, the one containing from 0.5 to 0.6 per cent., 
the other 1.4 to 1.5 percent. The preparations with the larger 
quantity of sulphur contain about 1.5 per cent. less carbon than 
those with the smaller and alsoa little more nitrogen. Fractional 
precipitation of crude conglutin from the blue lupin gives products 
differing little in composition though the more soluble contain some- 
what less carbon and nitrogen and a very little more sulphur. In 
the less soluble fractions, which have otherwise nearly the same 
composition and properties, somewhat different amounts of sul- 
phur were found ; thus, four fractions contained : 37, 0.32 ; 395 
0.24; 42, 0.38; and 44, 0.33 per cent. Although these differ- 


1 Osborne and Campbell; Report of the Connecticut Agricultural Experiment Station 
for 1896, p. 288 ; also This Journal, 18, 609; also Ritthausen; /. prakt. Chem., 103, 78; /bid., 
n. f., 24, 222, and 26, 422, and Eiweisskérper, etc., Bonn, 1872. 
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ences are slight they were shown to be actual by recently repeated 
determinations, using large quantities of substance. 

The average composition of the least soluble fractions from the 
blue and yellow lupin is very nearly the same with the exception 
of sulphur, about 0.2 per cent. more of which is found in the 
latter. 

The preparations obtained from these two seeds appear to be 
either compounds of one and the same protein body, conglutin, 
with more or less of some substance rich in sulphur, which is 
present in greater amount in the yellow than in the blue lupin, 
or mixtures of various proportions of similar proteins which con- 
tain very different amounts of sulphur. This latter supposition 
appears the more probable because about the same Avoportion of 
loosely bound sulphur was found in all the preparations, whether 
they contained 0.3 per cent. or 1.4 per cent. of total sulphur. It 
is improbable that a sulphur-containing substance is combined 
with the protein from which the same proportion of lead sulphide 
can be obtained as from the protein itself. 

The total sulphur in the different preparations of conglutin used 
in the following experiments was : , 


TABLE XVIII.—PERCENTAGE OF TOTAI, SULPHUR IN DIFFERENT FRAC- 
TIONAL PRECIPITATES OF CONGLUTIN. 





Blue lupin. Yellow lupin. 
| ee ~ 
I II III IV Vv 
0.393 0.359 0.530 0.954 1.378 
ABLE XIX.—PERCENTAGE OF LOOSELY BOUND SULPHUR IN THE ABOVE 
PREPARATIONS. 
One gram boiled with 30 per cent. One gram with 30 per cent. 
NaOH, Zn, and Pb(C,H302)2. NaOH and Pb(C2H302)>s at 165°. 
7% hours, 5% hours. 
0.288 <bua 
Preparation I | 0.264 
0.233 
Preparation II 0.239 eves 
Preparation III 0.344 0.372 


Preparation IV 0.558 
Preparation V 0.889 


These figures show that very nearly two-thirds of the sulphur 
of each of these preparations was obtained as lead sulphide, the 
amounts found falling. between 59 to 70 per cent. of the total 
sulphur. 
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Oxyhemoglobin from Dog’s Blood. 


Hoppe-Seyler' found 0.39 per cent. of sulphur-in oxyhemo- 
globin from dog’s blood. Jaquet* found 0.5417 and 0.5414 per 
cent. of sulphur in this substance and later’ 0.5688 and 0.5665. 
Jaquet’s determinations were made with very great care and a 
large amount of carefully recrystallized substance was used for 
each determination. 

In two carefully prepared and repeatedly recrystallized prepara- 
tions of this substance,‘ I have found 0.600 and 0.567 per cent., 
and in another preparation once recrystallized 0.546 per cent. of 
tofal sulphur. 

The average of Jaquet’s determinations and my own gives 
0.5618 per cent. of total sulphur in dog’s blood oxyhemoglobin. 

Six grams of oxyhemoglobin, once recrystallized, when heated 
for seven and one-half hours at 165° with 30 per cent. sodium hy- 
droxide and lead acetate, gave 0.342 per cent. of loosely bound 
sulphur, and five grams of another preparation which had been 
recrystallized several times gave, under the same conditions, 0.328 
percent. The average of these figures, 0.335 per cent., doubtless 
closely represents the proportion of loosely bound sulphur con- 
tained in this substance. 


Ovalbumin. 


In an investigation of the protein constituents of the egg white, 
the results of which have been recently published,’ I determined, 
with special care, the total amount of sulphur contained in oval- 
bumin. In ten different preparations of repeatedly recrystallized 
ovalbumin I found the following quantities : 

TABLE XX.—PERCENTAGE OF TOTAL SULPHUR IN OVALBUMIN. 
Al. A2. HI. H2. BI. Bz. Cr. C2. No. 2. No. 3. 
1.610 1.612 1.572 1.644 1.613 1.619 1.613 1.634 1.590 1.651 

The details of the methods employed for the production of 
these preparations and the evidence of their purity may be found 
in the paper cited under the designations given in the above 
table. 


1 Hoppe-Seyler : Med. Untersuch, 1868, p. 370. 

2 Jaquet : Ztschr. physiol. Chem., t2, 285. 

3 [bid., 14, 289. 

4 Iam indebted to the kindness of Prof. Il,. B. Mendel for an abundant supply of this 
oxyhemoglobin from which the preparations used in these experiments were made. 

5 Report of the Connecticut Agricultural Experiment Station for 1899; also This Jour- 
nal, 22, 422. 
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These figures agree well with those given by several other 
investigators, namely : 


ERGMAMIATOTE 6 oii ccc ceceseccee te eee e eee eeees 1.64 
Bondzynski and Zoya.....seceeseeseeeecees 1.66 
Krtiger..ceccccccceccccce cocccevecses canal 1.66 
HOpKinsS...-.eseececcecccccccccccccsccececs 1.57 


Taking the average of my figures as nearly correct, the total 
sulphur in ovalbumin may be given as 1.616 per cent. 


TABLE XXI.—PERCENTAGE OF LOOSELY BOUND SULPHUR IN OVALBUMIN. 


One gram boiled with 30 One gram with meget Five grams with 30 per 
per cent. NaOH, Zn and cent. NaOH an cent. NaOH and 
Pb(CeH3Oe)o. Pb(CeH302). at 135°. Pb(C2H302)e at 165°. 
7% hours. 2 hours. 4% hours. 

0.523 0.523 0.491 

0.511 0.518 wade 

0.504 0.505 

0.471 0.459 

0.455 0.441 

0.425 ; eine 


The result obtained with five grams at 165° agrees very closely 
with the average of the others and is also in accord with the 
results obtained by Kriiger’, Malerba’ and Schulz’, who found, 
respectively, 0.44, 0.49 and 0.49 per cent. of loosely bound sulphur 
in ovalbumin. ‘The amount of sulphur that can be obtained as 
sulphide by treating ovalbumin with hot alkali is therefore 0.491 
per cent. 


Ovovitellin. 


The substance used in these experiments was preparation 2 
described in a former paper on the proteins of the egg yolk’. 

The total sulphur found in four fractional precipitations of this 
substance was the following : 


TABLE XXII.—PERCENTAGE OF TOTAL, SULPHUR IN OVOVITELLIN. 


= 3 4 5 
1.046 1.000 we cel 1.047 1.026 


The average of these figures gives 1.028 per cent. of total 
sulphur. The amount of loosely bound sulphur was found to be 


the following : 

1 Pfliiger’s Archiv., 43, 244. 

2 Rendic della R. Accad. delle Scienze di Napoli, fasc. 3-5, 1894. 

3 Loc. cit. 

4 Osborne and Campbell: Report Connecticut Agricultural Experiment Station for 
1899; also This Journal, 22, 413. 
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TABLE XXIII.—PERCENTAGE OF LOOSELY BOUND SULPHUR IN Ovo- 


VITELLIN. ‘ 

One gram with 30 per cent. Five grams with 30 per cent. 
NaOH and Pb(C2,H30¢)¢ at 135°. NaOH and Pb(C2H302). at 165°. 
2 hours. 5% hours. 

0.367 0.357 


0.320 : 

The average of the higher of these figures, 0,362, probably 
closely represents the amount of sulphur split from ovovitellin 
by alkali. 

Casein from Cow’s Milk. 

Chittenden and Painter’ have made an extensive study of the 
composition of casein prepared in different ways and have con- 
firmed Hammarsten’s many analyses of this substance. Ham- 
marsten’ found by extensive and painstaking experiments that 
the total sulphur of casein was 0.78 per cent., Chittenden and 
Painter that it was 0.82 percent. The average of these figures, 
0.80 per cent., may therefore be taken for the total sulphur of 
casein. ~ 

The loosely bound sulphur was determined in a preparation of 
casein made from milk from which the fat had been thoroughly 
separated by centrifugation immediately after it had been drawn 
from the cow. Just enough hydrochloric acid was immediately 
added to precipitate the casein and this latter washed repeatedly 
by decantation, care being taken to keep it in a finely divided 
condition. The washed precipitate was dissolved by gradually 
adding portions of decinormal potassium hydroxide solution until 
all the casein redissolved. A milky appearing solution was so 
obtained which was perfectly neutral to very delicate violet litmus 
paper. This was filtered on a bed of filter-paper pulp and a per- 
fectly clear filtrate obtained, which showed only a minute trace of 
opalescence. From this solution the casein was precipitated by 
hydrochloric acid, washed thoroughly by decantation with water, 
then with alcohol and finally dehydrated with absolute alcohol, 
and washed with ether. Less than nine hours elapsed from the 
time the milk was taken from the cow until the preparation was 
put under alcohol. 


TABLE XXIV.—PERCENTAGE OF LOOSELY BOUND SULPHUR IN CASEIN. 


Five grams with 30 per cent. NaOH and Pb(C.H30z)> at 165°. 
3 hours. 
0.103 
0.099 
1 Chittenden and Painter: Studies from the physiol. lab. of Yale University, II, p. 156. 
2 Hammarsten: Zéschr. physiol. Chem., 7, 269. 








SULPHUR IN PROTEIN BODIES. 159 


The average of these figures, 0,101, shows that a very much 
smaller proportion of the total sulphur can be obtained from casein 
as sulphide than from any of the other proteins. The amount 
obtained agrees closely with that found by Fleitmann ;’ namely, 
0.07 per cent. 

IV. RELATION OF TOTAL SULPHUR TO THE PROTEIN MOLECULE. 

An examination of the figures obtained in determining total 
sulphur shows that all the proteins examined, with the exception 
of vicilin, phaseolin, and conglutin, contain a constant proportion 
of sulphur. ‘Those proteins which can be obtained in crystals, 
and therefore be made quite pure, show such a uniform propor- 
tion of sulphur that there can be no doubt whatever that this is 
a definite constituent of their molecules. If now, as was proposed 
at the beginning of this paper, we calculate the simplest empirical 
formulas for these proteins and also for some of the other more 
carefully prepared and analyzed animal proteins, and multiply the 
figiires obtained by such a whole number as shall give amolecular 
weight nearest to 15,000, we shall obtain the formulas given in 
Table XXV. Such formulas are, of course, to be regarded as only 
approximate, since the methods of analysis preclude great accu- 
racy. Carbon and nitrogen can be determined with sufficient 
precision to give figures falling within a few atoms of the truth, 
but a slight error in determining sulphur leads to serious differ- 
ences in the formulas. An error of 10 per cent. of the total sul- 
phur leads to an error of about 65 atoms of carbon and 20 atoms 
of nitrogen. If the protein contains but 0.4 per cent. of sulphur, 
such an analytical error would equal 0.04 per cent. An exami- 
nation of the figures obtained in determining total sulphur indi- 
cates that the average amount found for each protein is probably 
within 0.04 per cent. of the amount actually present. For pro- 
teins containing more than 0.4 per cent. of sulphur, the probable 
error in the formulas is correspondingly decreased, so that for 
those containing 0.8 per cent. of sulphur it need not much exceed 
30 atoms of carbon and 10 atoms of nitrogen, and for a protein 
which, like ovalbumin, contains 1.6 per cent. of sulphur, the error 
does not amount to more than about 15 atomsof carbonand 5 atoms 
of nitrogen. Whether or not the proteins in fact have similar 
molecular weights, must remain for future investigation to show, 
but in the meantime the formulas given in the table seem worthy of 
consideration since they suggest relations not otherwise apparent. 


1 Fleitmann : Loc. cit. 
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The analyses of the vegetable proteins given in the preceding 
table were made by the writer and his associates in this labora- 
tory ; those of globin and serum albumin are by Schulz ;' those 
of fibrin,’ fibrinogen,’ serum globulin,’ serum albumin,’ from 
human exudation are by Hammarsten ; that of casein is the aver- 
age of alarge number of closely agreeing analyses, of many prepa- 
rations, made by Hammarsten‘ and by Chittenden and Painter ;* 
that of myosin is the average of many closely agreeing analyses 
of different preparations obtained from several species of animals 
by Chittenden and Cummins ;° and that of lactalbumin is by 
Sebelien.' 

The figures given in the table for the oxyhemoglobins require 
explanation since it seems to be generally assumed that the com- 
position of these bodies is still uncertain. The following analyses 
of oxyhemoglobin from the horse have been published : 


Car- Hydro- Nitro- Sul- 

bon. gen. gen. phur. Iron. 

54.87 6.97 17.31 0.65 0.47 Hoppe-Seyler and Kossel.® 
54.74 7.03 17.28 0.67 0.45 Otto.’ 
54.40 7.20 17.61 0.65 0.47 Biichler.’” 


51.15 6.76 17.94 0.39 0.335 Zinoffsky." 


wake ‘ , 0.44 0.39 Hoppe-Seyler.”” 
54.56 7.15 19233 0.43 sees Schulz." 
Sess ecaies ies 0.469 Lawrow.'* 


In conjunction with Bunge, Zinoffsky determined iron, both 
gravimettically and volumetrically, with the utmost care, using 
very large quantities of oxyhemoglobin, from 10 to 60 grams, 
and making many determinations in three different preparations. 
None of the other analysts offer any evidence that their figures 
were obtained under conditions which entitle them to acceptance 
rather than those given by Zinoffsky. The fact that the ratio 


1 Schulz: Loc. cit. 

2 Hammarsten : Pfliiger’s Archiv., 22, 489. 

8 Hammarsten: /ahresbericht. f. Thierchem., 11, 19. 

4 Hammarsten : Zéschr. physiol. Chem., 7, 269. 

+ Chittenden and Painter : ‘‘Studies from the Laboratory of Physiological Chemistry,” 
Vol. II., p. 156. 

6 Chittenden and:Cummins : /d7d., Vol. III, p. 156. 

7 Sebelien : Ztschr. physiol. Chem., 9, 463. 

8 Hoppe-Seyler: /d7d., 2, 149. 

® Otto, quoted by Hiifner: Jdid., 8, 358. 

10 Biichler, quoted by Hufner: /dzd., 7, 59. 

11 Zinoffsky : /é7d., 10, 16. 

12 Hoppe-Seyler : ‘‘ Handbuch, physiol. and pathol. chem. Analyse,”’ 1893. 

18 Schulz: Ztschr. physiol. Chem., 24, 469. 

14 Lawrow : /bid., 26, 343. 
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between the iron and sulphur, as given by Zinoffsky, is strictly as 
1:2, is evidence of the accuracy of his determinations, since there 
is every reason to believe that oxyhemoglobin is a definite com- 
pound containing hematin and protein in a molecular proportion. 
On the other hand, the fact that a definite ratio does not exist 
between the figures given by the other investigators indicates 
either a lack of purity in the preparations analyzed or inaccuracy 
of analysis. 

The amount of sulphur given in these analyses differs widely. 
There is no evidence, however, that any of these analysts, except 
Zinoffsky, used unusual care in determining sulphur. Zinoffsky 
subjected his methods for determining sulphur to a very rigid test 
and employed about 10 grams of oxyhemoglobin, for each of six 
determinations. The results obtained with three different prepara- 
tions fell between 0.3916 and 0.3583. It is to be noted that the 
later determinations of sulphur by Hoppe-Seyler and Schulz agree 
with those of Zinoffsky much more closely than they do with the 
other earlier determinations. 

All these analyses agree fairly well for carbon, hydrogen and 
nitrogen except that given by Zinoffsky, which differs much from 
the other analyses. Hiifner has suggested that this was caused 
by the method employed by Zinoffsky in preparing his oxyhemo- 
globin, but this cannot be true, because, as Jaquet points out, 
Zinoffsky made the preparation that he analyzed by the same 
method the other investigators employed. It seems more proba- 
ble that the differences between Zinoffsky’s figures for these ele- 
ments and those of the others are analytical. 

For the composition of oxyhemoglobin from the horse, I have 
given in the table Zinoffsky’s figures for iron and sulphur, to- 
gether with the average of the figures given by the other analysts 
for carbon, hydrogen, and nitrogen. 

In conjunction with Bunge, Jaquet’ analyzed oxyhemoglobin 
from dog’s blood and determined sulphur and iron with the same 
precautions and the same care that Zinoffsky used in determining 
these elements in oxyhemoglobin from horse blood. 

But one other analysis of this substance appears to be on 
record, made by Hoppe-Seyler,’ which does not differ very widely 
from Jaquet’s except for sulphur. 

As I have been able to confirm the accuracy of Jaquet’s 


1 Ztschr. physiol. Chem., 14, 289. 
2 “Mea, chem. Untersuch,”’ p. 370. 
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figuresfor sulphur, I have given in the table the average of them, 
omitting one determination of hydrogen which is manifestly too 


high. 
V. RATIO OF LOOSELY BOUND TO TOTAL SULPHUR. 


In most of the proteins examined in this investigation, as well 
as in those examined by others, the loosely bound sulphur is 
approximately a simple fraction, as the following table shows : 


TABLE XXVI.—RATIO OF LOOSELY BOUND To TOTAL SULPHUR. 


Per cent. of 
Loosely total sulphur 
Total bound as loosely 
Protein. sulphur. sulphur. bound. 
Seralbumin. ....-.cccccccce 1.930! 1.280! 66) 
Oxyhemoglobin, dog ...... 0.568? 0.335 59 | , 
Serglobulin, horse......... I. 110° 0.630! 57 t /s 
Gliadimt ....00cccccecccsees 1.027 0.619 60 J 
Oxyhemoglobin, horse..... 0. 380* 0. 1go! vod 
Vignin...... see ccsesceees 0.426 0.214 50 
LENS ENCE ER ee ee 0.429 0.217 5° | 
Oe Pee 0.420! 0.200! 48 | ‘ 
Glycinin ....--.csecseceeeee 0.710 0.320 46 /2 
CEE Sd eecavekacuusainceee 0.200 0.092 46 | 
Legumin 06.0 86.6 wlsie-s dw edeieie 0.385 0.165 41 | 
MEU bb o5 bee oeceadwceset 0.880 0.346 40 } 
BURG nic UCase Gee ce pega seree 0.600 0.212 35) 
PG ia cick a caae eowas 1.028 0.348 34 | 
NE Ss kp ons sane satewqeces I.100° 0.3808 34 $4 
PINES iwicccies weas.cuss chee 1.086 0.350 32 
Ovalbumiin «02.20 ccee coccce 1.616 0.491 30 
PROBROLIMN 6 '0d0 cc's cecsewdees 0.312 0.072 23 5 
NRMERI ic sicisrelcowdinia ste cieintes 0.8007 0.101 13, 


Leaving phaseolin and casein out of consideration for the 
present, it might be assumed that the protein molecule contains 
either 2 or 3 atoms of sulphur. Such an assumption presupposes, 
however, that in most cases the whole of the loosely bound sul- 
phur can be converted into lead sulphide under the conditions of 
our experiments. The results obtained with edestin indicate 
plainly that one-half of its sulphur can not be thus separated 
since the highest figures found fell short of one-half of the total 


1 Schulz: Loc. cit. 

2 Jaquet: Loc. crt. 

8 Hammarsten : Pfliiger’s Archiv., 22, 489. 

4 Zinoffsky : Loc. cit. 

5 Hammarsten : Pfliiger’s Architv., 22, 479. 

® Kriiger: Loc. cit. 

7 Hammarsten: Loc. cit., and Chittenden and Painter: Loc, czt. 








164 THOMAS B. OSBORNE. 


sulphur by a quantity decidedly in excess of any probable ana- 
lytical error. On the other hand, nearly all fell distinctly above 
one-third. If this is true for edestin it may also be true for some 
of the other proteins ; thus in excelsin the loosely bound sulphur 
falls short of two-fifths of the total by nearly the same propor- 
tion that it falls short of one-half in edestin. We should, there- 
fore, consider whether or not the proportion of loosely bound 
sulphur agrees with a definite number of the sulphur atoms given 
in Table XXV quite as well as with these simple fractions. 

In the following table these proteins are given, arranged in the 
order of their sulphur content ; the number of atoms of fixed and 
loosely bound sulphur with which the results of the determina- 
tions agree most closely, assuming the number of atoms of sul- 
phur contained in the molecule to be that shown in Table XXV, 
the percentage of loosely bound sulphur found in these proteins ; 
the percentage calculated for the number of atoms of sulphur 
assumed to be split off; the difference between the amount 
found and that calculated ; and the percentage of the calculated 
quantity that the amount found is equal to. 


TABLE XXVII.—ATOMS OF FIRMLY AND LOOSELY BOUND SULPHUR. 


Be ¢ & 5 D z 
, 0 Bw. Sh, 2E ee 
2 4. 83 os woh Be e38 
Protein. = wa. age ee we S Ya wd 
F of 6s $55 $54 fu. $g8 
= #& #2 $22 $88 $83 2s 
S$ $83 82 Fhe Ses 28s SEF 
& < < Ay Ou A a 
Legumin -++.6+ ... cere 0.385 I I 0.165 0.193 —0.028 81 
Oxyhemoglobin, horse... 0.390 I I 0.190 0.195 --0.005 97 
Globin, horse .......+++. 0.420 I I 0.200 0.210 —O.0IO 95 
Vignin ..--. see cere eens 0.426 I j%&I 0.214 40.213 +0.00r 100 
Amandin .......+..+e4+. 0.429 %I I 0.217. 0.213 +0.004 104 
Oxyhemoglobin, dog.-.-. 0.568 I 2 0.335 0.379 —0.037 88 
ZEN sccccecees sevccsses 0.600 2 I 0.212 0.200 +0,012 106 
Glycinin.....++.seeeeees 0.710 2 2 0.320 0.355 —0.035 90 
Hordein .... 0000 cccecces 0.847 2 2 0.348 . 0.423 —0.075 83 
MUM AGIAIN G5 civieosip'ainre. 4010.0 0.880 2 2 0.347 0.440 —0.093 79 
Gliadin.......s.eseeeeee 1.027 2 3 0.619 0.629 —0o.0IO0 99 
Ovovitellin ...........+- 1.028 3 2 0.348 o.410 —0.062 83 
Excelsin........sccesees 1.086 3 2 0.350 0.430 —0.080 81 
Serglobulin, horse....... I.1I0 2 3 40.630 0.666 —0.036 95 
Fibrin .......+.+e+-eeeee 1.100 3 2 0.380 0.440 —0.060 86 
Ovalbumin ..........- 1.61 5 3 0491 0.609 —o.118 81 
Seralbumin, horse ...... 1.930 2 7 . 1.280 1.498 —0.218 85 
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The amount of loosely bound sulphur found in those proteins 
which appear in this table as containing but one atom of such 
sulphur agrees almost exactly with that calculated. Of those in 
which a larger number of atoms appear as loosely bound, the ma- 
jority show a deficiency in the amount found compared with that 
calculated. 

Before a decision can be reached as to the proportion of loosely 
bound sulphur actually contained in the molecules of these differ- 
ent protein bodies, it is necessary to know whether all such sulphur 
can be obtained as lead sulphide under the conditions of the ex- 
periments described in this paper. All investigators who have 
undertaken to determine the proportion of loosely bound sulphur 
in the proteins have noted the similarity of the behavior of these 
substances to that of cystin under similar conditions. Cystin, 
however, had never been detected among the decomposition 
products of protein bodies until K. A. H. Moerner' recently found 
itin quantity among those of horn, 6.8 per cent.; of egg mem- 
brane, 6 per cent.; of human hair, 12.6 per cent.; and of serum 
albumin, over 1 per cent. 

He also found in the solutions from which the cystin had been 
separated a not inconsiderable quantity of sulphur which, on 
treatment with sodium hydroxide and lead acetate, yielded lead 
sulphide. To what complex this latter sulphur belonged, Moer- 
ner did not determine. 

Embden’ has very recently confirmed Moerner’s observations 
by investigations undertaken independently and without a knowl- 
edge of the latter’s results. Embden isolated cystin in quantity 
from horn and found among the products obtained from serum 
and egg albumin and edestin, cystein, which latter substance he 
considers to be the primary decomposition product of these pro- 
tein bodies, the cystin being a secondary product. 

From these recent observations of Moerner’s and Embden’s, it 
is highly probable that a part of the loosely bound sulphur of 
many protein bodies belongs either to a cystein or a cystin com- 
plex. If this is so, the results obtained in attempting to deter- 
mine quantitatively the proportion of loosely bound sulphur in 
such proteins as contain this group must necessarily fall short of 
the total quantity of sulphur belonging to the cystein or cystin 


1 Moerner : Zéschr. physiol. Chem., 28, 595 (1899) and Proc. 13th Inter. Cong. Med. Sec. 
d. Physiol., etc., p. 15, Paris, 1900. 
2 Embden: Ztschr. physiol. Chem., 32, 94 (1901). 
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radical, for it is well known that a part only of the sulphur of 
these two substances can be converted into lead sulphide by boil- 
ing with solutions of sodium hydroxide and lead acetate. 

Thus Baumann and Goldmann,’ by heating cystin with 10 per 
cent. sodium hydroxide and lead acetate for nine hours, got only 
68 per cent of the sulphur. Suter,’ by heating for thirty-three 
and one-half hours, obtained 83 per cent., and Schulz,’ by boiling 
cystin with 30 per cent. sodium hydroxide, zinc, and bismuth 
oxide for ten hours, obtained as sulphide 53 per cent.; by boiling 
for twenty-five hours, 53.7 per cent.; by heating in an atmosphere 
of hydrogen for ten hours at 105°-110°, 52.4 per cent., and by 
boiling cystein for ten hours, 52 per cent. of the total sulphur 
contained in the substance. 

In view of these facts it would seem probable that from most 
proteins, especially those rich in sulphur, we cannot obtain all of 
the loosely bound sulphur. 

An examination of the figures of Table X XV shows that, with 
but three exceptions, the loosely bound sulphur obtained from 
those proteins which contain more than 0.43 per cent. of sulphur 
formed from 79 to go per cent. of the calculated, while the 
amount obtained from those containing less than 0.43 agreed with 
that calculated well within‘the limits of accuracy of analysis. 

The amount of loosely bound sulphur found in all those proteins 
which appear in the table to contain but one atom of such sulphur 
agrees in every case with the calculated quantity more closely 
even than could be expected, while with but one exception, in all 
those proteins which appear as containing more than one atom of 
loosely bound sulphur, the quantity found is distinctly less than 
that calculated. 

These facts may find an explanation in Moerner’s observations 
of two sulphur-containing complexes, both of which yield lead 
sulphide on treating with alkaline lead solutions. It may well be 
that cystein or cystin is a constituent of only those proteins which 
are comparatively rich in sulphur, so that from these but a part 
of the sulphur belonging to these complexes can be obtained as 
sulphide, while from the others containing only the other com- 
plex observed by Moerner, all of the sulphur can be obtained. 
The amount of loosely bound sulphur actually found in edestin 


1 Baumann and Goldmann : Zéschr. physiol. Chem., 12, 257 (1888). 
2 Suter: /bid., 20, 564 (1895). 
8 Schulz: Loc. cit. 
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-agrees well with such a supposition, for if 1 atom of sulphur 
belongs to a complex yielding all its sulphur as sulphide we would 
obtain 0.22 per cent. from this source, and if another atom belongs 
to cystein (Embden has obtained cystein from edestin), which 
according to Schulz yields about one-half its sulphur as sulphide, 
from this we would obtain about 0.11 per cent., making 0.33 per 
cent. in all, which agrees closely with the 0.347 per cent. found. 
The deficiency found for most of the proteins here represented as 
containing more than 1 atom of loosely bound sulphur is nearly 
equal to that which would occur if these contained 1 molecule of 
cystein, except for serum albumin, in which the deficiency corre- 
sponds to 2 molecules of cystein or 1 of cystin. 
In conclusion, attention should be called to casein, which pre- 
ssents a marked contrast to all the other proteins examined, in the 
fact that only one-eighth of the total sulphur was obtained as sul- 
phide. If the complex which contains this sulphur yields all its 
sulphur as sulphide, the molecular weight of casein cannot be less 
‘than 30,000; if, on the other hand, it yields only a part of its 
sulphur as sulphide, it presents a marked contrast to the other 
protein substances which contain but little loosely bound sulphur, 
for these yield almost exactly one-half of their total sulphur as 
sulphide, which strongly indicates that all the sulphur of the com- 
plex containing this is converted into lead sulphide. Of all the 
proteins examined, casein yields by far the smallest proportion of 
loosely bound sulphur. 


RESEARCH I,ABORATORY OF THE CONNECTICUT 
AGRICULTURAL EXPERIMENT STATION. 





THE PEROXIDE CALORIIETER AS APPLIED TO EUROPEAN 
COALS AND PETROLEUM. 


By S. W. PARR. 


Received September 3, 1901. 


T the suggestion of Dr. Lunge, the calorimeter recently de- 

A scribed in this Journal’ has been subjected to a series of 

‘tests on European coals. The Zurich laboratory afforded espe- 

cially good facilities for the work and I am indebted to Dr. Lunge 

for putting them at my disposal. Much credit is also due his 

assistant, Mr. Offerhaus, whose very efficient help made it possi- 
1 This Journal, 22, 646. 
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ble to accomplish the large number of tests in the limited time 
available. ; 

It was evident at the outset that the combustion of European 
coals offered a somewhat new and different proposition from that 
of the soft coals of the United States. Their anthracitic charac- 
ter and smaller percentage of bituminous matter made their com- 
bustion more difficult and in many cases incomplete. Experience 
had already shown that certain substances, as, for example, coke 
or sugar carbon, gave incomplete combustions when used alone 
with sodium peroxide. The two devices before suggested for 
overcoming the difficulty were fine pulverization and the addition 
of an accelerator in the shape of a weighed quantity of some good 
soft coal whose combustion factor had been carefully determined. 
Such soft coals in Europe, however, are the exception and the. 
above expedient seemed impracticable as well as not altogether 
satisfactory in the very hard anthracites met with. 

It was, therefore, necessary to increase the oxidizing power of 
the peroxide. From data already at hand it was evident that 
this could be accomplished in a measure by use of some free 
burning organic material as a good soft coal, sugar, etc. The 
effect of superoxides had also been tried, as barium peroxide, 
potassium chlorate, etc. Continuing along this line, the details 
of which are here omitted, it was found that a very intense oxi- 
dizing effect was secured by the use of a mixture of potassium 
persulphate and tartaric acid, 1 gram of the former to 0.5 gram 
of the latter, carefully weighed out ; this with about 12 grams of 
sodium peroxide and 0.5 gram of the coal to be tested gave very 
complete combustions. A soft iron wire, of No. 10 or 2.5 mm. 
gauge and 1 cm. long, was used for igniting. Other wire as of 
copper, nickel, silver, etc., will melt and burn to a greater or less 
‘extent, hence cannot be used. ‘The factors already determined 
were found to apply also to these coals ; vz., 73 per cent. of the 
total heat due to combustion and 27 per cent. due to the heat of 
combination of the products. 

The results obtained in the table below are on samples kindly 
furnished by Professor Dr. Constam, Ziirich, who had determined 
the Mahler factors and to whom we were further indebted for the 
use of his very exact thermometer carefully calibrated by him- 
self. 
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TABLE I. 
a aaa 
g 3 8 $o8S 
= é & se g oS 
BB Be @ a, We 
a & ae 5 o $8 08 
: v uk sa Zias 
E) g $2 §E 8s kia 
2 ; @ 25 2h Pere 
a) 3 < 3) 3} > 3) 
No. 277, 
Ruhr flame coal..... 2.6 7.1 7685 7695 -+10 0.6 tartaric acid. 
No. 278, ; . 
Rabe teal ‘aa ae bes es * 5 tartaric acid. 
sesue weehee At 7 9 
No. 282, 1.0 pot. persulph. 
Anthracite coal... .. 1.5 6.7 7981 7990 +9 0.6 tartaric acid. 
No. 285, 
Coke ..........e eee 0.6 13.0 6640 6687 +47 0.5 tartaric acid. 
No. 289, 
Anthracite, Wales... 2.0 4.2 8049 8021 —28 0.6 tartaric acid. 
No. 308, ; ; 
a Peat P 0.5 tartaric acid. 
English anthracite-- 2.4 4.6 8365 8326 —39 1.0 pot. persulph. 
No. 312, 
Belgian ‘‘Braisettes’”’. 2.4 10.7 7409 7394 —I5 0.5 tartaric acid. 
No. 324, 
| Cee 4.9 11.7 6594 6634 +40 0.5 tartaric acid. 
No. 326, 
Cardiff coal..... 0 2.2 7.2 7872 7936 +64 0.5 tartaric acid. 
No.,331, 
a 3-5 84 7146 7184 +38 0.5 tartaric acid. 
Brown coal........- 15.17. ++ 5037 5076 +39 _ 1.00f coalused, no 


extra chemical. 


When the water content exceeds 2.5 or 3 per cent. it should be 
removed and the combustion made on the oven-dried sample. For 
example, the last number in the table, that of brown coal, has 
over 15 percent. of water. A combustion with sodium peroxide 
in case of this sample without the water removed gives approxi- 
mately 300 calories excess, or 20 calories foreach per cent. How- 
ever, not enough data is at hand to fully establish a correction 
for the water content. 

Tartaric acid combining with sodium peroxide may be deter- 
mined by mixing in the cartridge 0.5 gram of the finely ground 
acid with about 6 grams of peroxide, and igniting with a wire 
in the usual manner. The result of a number of such determina- 
tions indicated, for the material used in these tests, a factor for the 
tartaric acid, including the wire 0.85° pero.5 gram and for the 
potassium persulphate 0.155° per 1 gram. Soft iron wire 2.5 
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mm. by 1 cm. long and weighing approximately 0.4 gram at ar 
estimated temperature of 700°, carries into the mass 0.015° of heat. 
Hence, in using the combined chemicals above with but ohne wire 
the total correction factor is o.99°. However, with any given 
set of reagents a blank determination should be made. Varia- 
tions may arise from the potassium persulphate and tartaric acid 
employed and also from the moisture absorbed by the sodium per- 
oxide. In the latter case, the effect of any hydrated sodium per-. 
oxide, Na,O, + 2H,O, may be measured or neutralized as may be 
desired by enclosing the usual amount alone in the cartridge and 
submerging in boiling water for five to ten minutes, cooling, 
opening, and adding the charge, then proceeding as usual. 

With the above combination of persulphate and tartaric acid a 
complete oxidation of substances may be secured which, before, 
behaved indifferently with peroxide alone. 

In illustration of this point a sample of crude oil from Beau- 
mont, Texas, gave the results as follows, the Mahler determina- 
tions being made by Mr. Koch, of the Univerity of Illinois: 


CRUDE OIL, 

Calories. 

RA ae GNA. 5.5 5s. bdo aac ones ie 0c e.0 Seth 06 sei winls 0476 0:8.0 0% 10644 

New method (@)---..eccecccccccccccccseccscccecceccs: 10654 
«s $f (() eee eee 10600 *% 

Ze . (C)ecccceccccccccccesccccsescessccces sees 10637 

ts ss (d) CSS RaW Ee AMS rele eo ara eee ds wuae weak 10665 

Average, last four......sscsescsecscceees 10639 


The method while varying in no essential from that used for 
coals should, perhaps, be outlined, thus: 

After preparing the cartridge and screwing the bottom on 
firmly, there is added about 1/4 measure (3 grams) of sodium 
peroxide. Upon this is dropped about 1/3 of a gram (30 drops): 
of petroleum, using a dropping pipette from a light weighing- 
flask, the exact weight of oil taken being determined by differ- 
ence. ‘There is now added the 1 gram of finely powdered potas- 
sium persulphate and 0.5 gram of powdered tartaric acid. ‘This 
mixture is stirred with a wire to break up any lumps and make 
an even mixture. Now add one measure of sodium peroxide, 
clean the wire in this upper layer, jar off the adhering particles: 
and remove the wire, screw on the top with valve, and shake thor- 
oughly. Place in the calorimeter and ignite, using a soft irom 
wire. 
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The calculation is made by first subtracting the factor obtained 
by running the mixture of chemicals as above described, omitting 
the oil. The remainder 7 gives the rise in temperature due to 
the combustible ; 73 per cent. of this is due to the heat of combus- 
tion, and 27 per cent. to the heat of combination of the chemical 
products, hence, ; 

r X 0.73 X wt. of water 
wt. of oil 

A homogeneous mixture may result from simply shaking, and 
without the use of the wire. Indeed, some of the above results 
were so obtained, but in general it is better to mix by stirring as 
described. 

It is a convenience to have a thoroughly triturated mixture of 
potassium persulphate and tartaric acid carefully adjusted to the 
proportions above indicated. It is then necessary to make but 


one weighing and, of course, 1.5 grams of the mixture are taken. 
ZURICH, July, Igor. 


== calories per kilo. 








STUDIES IN NITRIFICATION.’ 


By J. G. LIPMAN. 
Received October 18, r9or. 


N undertaking the work submitted here it was intended to 
| study nitrification in its bearing to practical agriculture. The 
aim was to investigate in how far certain conditions influence the 
production of nitrates in the soil, in how far the application of 
the various fertilizers promote or retard nitrification, and in how 
far the moisture conditions modify this. Much work has already 
been done on the subject, notably by the French investigators, 
and in the light of our present knowledge we have come to modify 
many of the older methods of husbandry, so as to bring them in 
agreement with recent facts. Yet great as is the service rendered 
to agriculture by the research of the last two decades, the conclu- 
sions reached are by no means final in every case; nor have all of 
the questions raised by the work been satisfactorily answered. 
Much of our knowledge on nitrification is rather obscure; many 
questions still await solution. We know now that plants take up 
most of their nitrogen in the form of nitrate ; we know that the 
conversion of organic nitrogen into ammonia, nitrite, and nitrate 
is effected by living organisms ; we know, to a great extent, what 
conditions are favorable or injurious to the development of these 


1 Abstract from Master’s Thesis, Cornell University, 1900. 
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organisms, but we do not know just how the micro-organisms 
oxidize ammonia nitrogen to nitrite or nitrate nitrogen ; we are 
not yet certain as to the exact relations in the soil of the nitrify- 
ing, denitrifying, and, what Beijerinck' calls the ‘‘ oligo nitro- 
phile’’ organisms to one another ; we have much to learn as to 
the physiology and morphology of these organisms. Standing 
alone, neither chemistry nor bacteriology can solve the problem 
fully. If it is to be solved at all, as we hope it will, it will be by 
the combined efforts of chemistry and bacteriology. 

It is not claimed that the work reported in the following pages 
is, all of it, strictly original. The same ground has, partly at 
least, been covered by others; nevertheless, even in such cases 
the conditions and methods were not the same, and it is hoped 
that the results obtained will be of value to the student of agri- 
culture. It should be stated here that this work was intended to 
be little more than preliminary. It was more than anything else 
a study of methods and conditions, only a preparation for a more 
critical and more extended study of the same phenomena, which 
it is hoped may be continued in the future. 

Now as to the methods: For the determination of organic and 
of total nitrogen, the Kjeldahl and the Kjeldahl modified’ meth- 
ods were used. The Ulsch’ and the phenolsulphonic acid‘ methods 
were used for the determination of nitrates. Of the different 
methods proposed for the determination of nitrites in the presence 
of nitrates the method first proposed by Griess’ and known as the 
sulphanilic acid and naphthylamine method was selected because 
of its convenience and delicacy. Ammonia was determined by 
distillation with soda or magnesia, and titration against standard 
acid or by nesslerizing. For qualitative tests there were also 
used metaphenylenediamine for nitrites, and brucine and diphen- 
ylamine for nitrates. 

For the study of nitrification three soils were used. 

1. A calcareous sand containing 

0.017 per cent. of total nitrogen, 


0.00083 per cent. of nitrate nitrogen, 
0.00003 per cent. of nitrite nitrogen. 
1 Centr. fiir. Bact., 1901, p. 561. 
2 Wiley’s ‘Agricultural Analysis,’’ Vol. II, 215. 
3 Chem. Centr., 2, 926 (1890). 
4 Mason’s ‘‘Examination of Water,” p. 44. 
5 Zischr. anal. Chem., 18, 597; Zischr. angew. Chem., (1889), p. 666; Bull. Soc. Chim. [3], 
2, 347. 
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2. A loam soil from the college farm, Ithaca, N. Y., containing 


0.201 per cent. of total nitrogen, 
0.004 per cent. of nitrate nitrogen, 
0,00002 per cent. of nitrite nitrogen. 

3. An artificial greenhouse soil rich in organic matter and coal 

ashes, and containing 
0.0139 per cent. of nitrate nitrogen, 
0.00008 per cent. of nitrite nitrogen. 

The complete extraction of the nitrites and nitrates formed in 
the soil was one of the first problems encountered. A number of 
devices for accomplishing the purpose were tried with varying 
success. The final mode of procedure was as follows: 100 
grams of soil were shaken in a 2-liter bottle, provided with 
a stopper, with 1 liter of distilled water. After shaking for 
five minutes the liquid holding the nitrites and nitrates in 
solution was filtered, about a gram of freshly precipitated and 
washed aluminum cream added to the filtrate and the latter 
shaken. It was then filtered again, 100 cc., representing one- 
tenth of the nitrates held in solution, carefully measured off for 
the determination of nitrates, and 100 cc. for the determination 
of nitrites. 

THE SULPHANILIC ACID AND NAPHTHYLAMINE METHOD. 

This is a very delicate method, being capable of distinguishing 
I part of nitrogen as nitrous acid in 1,000,000,000 parts of water. 
It is easy of manipulation and peculiarly well adapted for the 
determination of nitrites in soil leachings. The details of man- 
ipulation are: 100 cc. of the filtered and charified soil leachings 
are placed in a colorimeter, 1 cc. each of sulphanilic acid and 
naphthylamine solutions added, the contents well shaken and al- 
lowed to stand for thirty minutes. 1oocc. of distilled water are 
similarly treated in another colorimeter to which a known amount 
of standard sodium nitrite is also added. At the end of thirty 
minutes the depths of color‘are compared, and the nitrite content 
in the sample determined. 

THE PHENOLSULPHONIC ACID METHOD. 

The details of this method as observed in the work reported 

below are as follows: 100 cc. of the filtered and clarified soil 


leachings are placed in a 125-150 cc. porcelain evaporating dish, 
0.3 cc. of a saturated sodium carbonate solution added, and evap- 
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orated to dryness on a water-bath. ‘Two cc. of phenolsulphonic 
acid are then added to the dry residue, and the latter is thoroughly 
moistened with it. About 15 cc. of distilled water are then in- 
troduced into the dish, and then enough ammonia to render the 
whole distinctly ammoniacal. ‘The contents of the dish are next 
washed into a 100 cc. colorimeter, filled up to the mark with dis- 
tilled water, and the depth of color compared with a standard in 
another colorimeter. It is important that the standard should 
be treated in precisely the same way as the unknown, and where 
chlorine is present in considerable quantities it should be deter- 
mined and an equivalent quantity added to the standard. The 
addition of sodium carbonate is necessary where free nitric acid 
or ammonium nitrate are present, otherwise low results will be ob- 
tained. Where many determinations are made it is advisable for 
the sake of saving time to prepare a standard color solution. 
This is made as follows: 25 cc. of standard potassium nitrate 
solution (0.7221 gr. per liter) are treated as described above, the 
yellow liquid diluted to 1 liter and kept in stock. Every cubic 
centimeter of this solution corresponds to 0.0025 mg. of nitrogen 
as nitrate. On the whole the method has been followed as given 
in Mason’s ‘‘ Examination of Water.’’ 

The method as thus employed was ‘eminently satisfactory, and 
leaves nothing to be desired when the quantities of nitrate present 
are small, and when care is taken to treat the standard and the 
unknown in exactly the same way. When, however, the amount 
of nitrate nitrogen exceeds 25 mg. per liter, great care is required 
in the readings if accurate results are to be obtained, although 
with experience close determinations can be made with 40 to 50 
mg. of nitrate nitrogen per liter. For solutions containing greater 
quantities than 50 mg. of nitrate nitrogen per liter the Ulsch 
method was used. Many difficulties were encountered while 
working with this method, and about 100 determinations were 
made of known solutions before results were obtained that were 
entirely satisfactory. It was found necessary to observe the fol- 
lowing precautions to insure accurate results : 

1. Blank determinations should be made to allow for the 
nitrogen in the reagents, especially for that in the iron dust. 

2. Five grams of iron should be used to not more than 0.5 
gram. of potassium nitrate. 

3. Nine to ten cc. of sulphuric acid (1 : 1) give the best results. 
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4. The flask during reduction should be stopped up with a 
rubber stopper through which passes a funnel tube containing a 
few pieces of glass moistened with sulphuric acid. 

5. The flask during reduction should be heated gradually to 
boiling, and the solution boiled until the evolution of hydrogen is 
over. 

6. The contents of the flask should be diluted to about 250 cc. 

7. Distillation should be carried on not too rapidly for at least 
forty-five minutes and until 150 cc. of the distillate has been col- 
lected. It is best to carry on the distillation nearly to dryness. 

8. The greatest care should be taken that no rubber connec- 
tions are exposed to the hot ammoniacal vapors. 

In the first series of investigations the soil was sifted through a 
7 mm. mesh sieve to remove pebbles and coarse particles, and 
about 3 pounds of that soil were placed in each of the 6-inch flower 
pots used. The latter were placed in porcelain saucers and water 
was added from below, it having been found from experience that 
this is the best way of preventing packing. Even with this 
method of watering it was necessary to stir the soil occasionally. 
While the experiment lasted the attempt was made to keep the 
soil at about 25 per cent. of its water content, that is, 3 pounds of 
air-dry soil to 1 pound of water. It was found, however, that 
under ordinary conditions it was very difficult to do it. 





SERIES A. 
Sodium Per acre. Ammonium 
chloride. A ~ sulphate. 
No. Gram. Per cent. Pounds. Gram. 
I nes state 0.641 
2 0.136 0.01 300 0.641 
3 0.272 0.02 600 0.641 
4 0.544 0.04 1200 0.641 
5 1.360 0.1 3000 0.641 
6 2.720 0.2 6000 0.641 


This series was started on November 16th, and the moisture 
conditions were kept constant as far as was possible. The soil 
used was a clayey loam from the collegefarm. On January roth, 
the six pots of the series were leached. The water ran through 
very slowly, and it took three days for about 1000 cc. of leach- 
ings to accumulate. At the end of that time the last portions of 
the leachings still gave a reaction for nitric acid with brucine, 
but none with diphenylamine. The color of the leachings indi- 
cated that where more salt was used more organic matter was 
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dissolved out of the soil ; and, moreover, where the larger quan- 
tities of salt were used the water ran through more rapidly. The 
leachings were then evaporated at. 80° to dryness, the residue 
taken up with about 50 cc. of distilled water, filtered, washed 
and diluted to 100 cc.. One-half of this was used for the determi- 
nation of ammonia, the other half for the determination of 
nitrites and nitrates by the Ulsch method. After deducting the 
ammonia nitrogen and that of the blanks the following quantities 
of nitrite and nitrate nitrogen were obtained : 


SERIES A. 

No. Mg. 

20.89 
16.06 
18.60 
18.86 
: 24.47 
°6 24.21 


ak Wn 


In Series C, a coarse calcareous sand was used. Like the loam 
of Series A, it was sifted through a 7 mm. mesh sieve, and 3.5 
pounds of that sifted sand were placed in each pot. In this 
series it was proposed to study the influence of stirring on nitrifi- 
cation. 


SERIES C. 
Ammonium 
sulphate. 

No. Gram. 

13 sees Stirred every day. 

14 0.641 6“ “cc “cc 

15 0.641 be ‘* three days. 
I 6 0.641 “oe ai oe “ce 
17 0.641 “c “c seven ‘‘ 
18 0.641 “ce “ce “ce “oe 


To insure nitrification a quantity of rich garden soil was shaken 
up with some water, and 5 cc. of the latter were added to each of 
the pots. The experiment lasted from November 21st until 
January 26th. At the endof that time the soils were leached, 
the water running through much more readily than it did in 
Series A. Ina few hours leaching was complete, the last portiop 
giving a very faint reaction with brucine. The leachings were 
evaporated in large dishes at 80° and treated as in Series A. The 
quantities of nitrite and nitrate nitrogen obtained by the Ulsch 
method were : 
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No. Mg. 
13 traces 
14 traces 
15 traces 
16 traces 
17 1.65 
18 1.53 


In Series D, the same quantities of calcareous sand were used 
as in Series C. Like the latter it was inoculated with 5 cc. of ex- 
tract from a rich garden soil. The scheme of experiment was as 
follows : 


SERIES D. 
Ammonium Monopotassium 
sulphate. phosphate. 
No. Gram. Grams. 
19 I 0.017 
20 I 0.170 
21 I 1.700 
22 I 0.017 
23 I 0.170 
24 I 1.700 


The experiment began on November 25th, and ended on 
January 29th. ‘As in Series A and C the Ulsch method was used, 
and the treatment in determining the nitrogen content of the 
different pots was exactly the same as in the preceding series. 
The following quantities of nitrite and nitrate nitrogen were 
obtained. 


No, Mg. 
19 3.06 
20 8.15 
21 lost 
22 5.86 
23 2.55 
24 4.34 


In Series B the effect of sulphur on nitrification was studied. 
The subject has some practical significance, for quantities up to 
400 or 500 pounds per acre have been used to prevent scab on 
potatoes. The soil used in this series of experiments was the 
same as in Series A, and, namely, a clay loam from the college 
farm, connected with Cornell University. The experiment began 
on November 21st and ended on January 13th. During that time 
the soils were kept moist, and at about 25 per cent. of water con- 
tent. In this series the determinations of nitrite and nitrate 
nitrogen were made by the color methods: the former by the 
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Griess sulphanilic acid and naphthylamine method and the latter 
by the phenolsulphonic acid method. For the analytical data 100 
grams of soil were taken from each pot after the entire mass had 
been carefully mixed, placed in a 2-liter bottle, 1 liter of distilled 
water added, and the contents shaken for five minutes. The 
water now holding the nitrates in solution was filtered, clarified 
with aluminum cream, and again filtered. The second filtrate 
now perfectly clear and colorless was placed in a stoppered flask 
after 100 cc. each were first drawn off for the determination of 
nitrates and nitrites respectively. 
The scheme of experiment was as follows : 





SERIES B. 
Sulphur. Ammonium. 
- “ Per acre. sulphate. 

No. Per cent. Gram. Pounds. Gram. 
if oe sees ose 0.641 
8 0.005 0.068 150 0.641 
.9 0.01 0.136 300 0.641 
10 0.02 0.272 600 0.641 
II 0.04 0.544 1200 0.641 
12 O.1 1.360 3000 0.641 


The quantities of nitrite and nitrate nitrogen found were : 


Nitrite. Nitrate. 

No. Mg. Mg. 
7 0.31 31.99 
8 0.38 24.43 
9 0.40 25.24 
$e) 0.36 30.37 
II 0.27 22.54 
12 0.13 13.50 


The results obtained in the above series were highly unsatis- 
factory. Instead of obtaining a gain in nitrate nitrogen there 
was a distinct loss. In Series A and B, where loam soil was used, 
there was present at the beginning of the experiment, as shown 
by the color method, 0.004 per cent. of nitrate nitrogen, and 
hence there was present in the 1350 grams of soil used 54 mg. of 
nitrogen as nitrate. At the end of the experiment the highest 
quantity of nitrate nitrogen found in any one sample in Series A 
was 24.47 mg. In other words, there was a loss of almost 30 
mg. of nitrate nitrogen, and the results obtained, if they indicate 
anything at all, show that where sodium chloride was used at the 
rate of 3,000 and 6,000 pounds to the acre the loss of nitrate 
nitrogen was diminished. The deoxidation of the nitrates might 
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be ascribed here to denitrifyihg bacteria; and the fact that more 
nitrate was found where more sodium chloride was used would 
indicate that the latter prevented, to some extent, the denitrifying 
processes. 

In Series B there was also a destruction of nitrates, but in this 
case the loss was the greatest where the greatest quantities of 
sulphur were used. Thus where sulphur was applied at the rate 
of 600 pounds to the acre the nitrate nitrogen found at the end of 
the experiment was 30.37 mg., while in the pots where the appli- 
cation was 1,200 and 3,000 pounds to the acre the nitrate nitrogen 
found at the end of the experiment was 22.54 mg. and 13.50 mg. 
respectively. In this case the nitrites and nitrates seemed to 
correspond to some extent, for in pots 11 and 12, where the least 
quantities of nitrate were found, there were also found the least 
quantities of nitrites. It is possible that the oxidation of large 
quantities of elementary sulphur in the soil may cause the de- 
struction of nitrates without the intervention of micro-organisms. 
This point will bear further investigation. 

In Series C and D, 1800 grams of air-dry soil were placed in 
each pot, and aceording to analysis by the color methods this air- 
dry sand contained 0.00083 per cent. of nitrate nitrogen, and 

0.00003 per cent of nitrite nitrogen. In other words, there were 
present in each pot at the beginning of the experiment 14.94 mg. 
of nitrate nitrogen and 0.54 mg. of nitrite nitrogen. At the end 
of the experiments the nitrates and nitrites had practically dis- 
appeared in the soils of Series C, for in the samples stirred every 
day and every _three days there were only traces of oxidized 
nitrogen present, while in the samples stirred once in seven days 
there was found about 1.5 mg. of oxidized nitrogen. 

In Series D, containing the same amount of nitrates and 
nitrites as Series C, there was also a loss of oxidized nitrogen, 
except that the disappearance of the nitrates was not as complete 
as in the other case. The difference can hardly be attributed to 
either the ammonium sulphate or to the acid potassium phosphate, 
for there appears to be no correspondence in the quantities of ni- 
trate nitrogen found, and the different amounts of the substances 
used. 

Whatever the value of the results obtained in the above four 
series, they certainly were not a success as far as the production 
of nitrates is concerned. Whether the loss of nitrates was due to 
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insufficient aeration, or whether the constant variation in the 
moisture conditions was the cause of it, is hard to decide at pres- 
ent. It became apparent, however, that some other arrangement 
would be necessary in order that nitrification might be secured. 
Valuable data on the subject have been secured by a number of 
investigators who kept their soils in an atmosphere saturated 
- with moisture. Acting accordingly, it was decided to study 
nitrification on 100 gram samples of soil placed in 750 cc. Erlen- 
meyer flasks. 
: FLASKS. 
In Series J, 100 grams of calcareous sand were weighed off and 


placed in each of the flasks 1-10. The scheme of experiment 
was as follows: 


Ammonium 
sulphate. Water. Soil extract. 
Flasks. Mg. ec. ce. 
I 100 8 I 
2 100 8 1 
3 100 9 I 
4 100 9 I 
5 100 10 I 
6 100 10 I 
7 I0o - II I 
8 100 II t 
9 100 12 I 
Io 100 12 I 


The soil extract was obtained by shaking a quantity of rich 
greenhouse soil, in which nitrification was active, with some dis- 
tilled water. As will appear from the above table the experi- 
ment was carried on in duplicate, and the conditions in the differ- | 
ent sets were the same except the moisture content. The latter 
varied from 8 cc. in 1 and 2 to 12 cc. ing and 10. The experi- 
ment was begun on February 13th and ended on April 11th, when 
the contents of all the flasks except that of flask 1 were analyzed. 
In case of No. 1 the contents of the flask were analyzed on 
March 5th in order to determine whether nitrification was taking 
place. During the experiments the flaskswere kept in the dark 
and tightly stoppered, so that no loss of water could take place. 
The nitrites and nitrates were determined by the color methods 
and the following amounts found : 
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Nitrate nitrogen. Nitrite nitrogen. 
Mg. } 


No. 
March 5th I 1.37 0.0025 
April 11th 2 20.00 0.0124 
+S." ERR 3 18.91 0.9100 
‘* . Th 4 18.82 0.4000 
“<< Jib 5 18.82 0.0258 
‘c Ts 6 14.27 4.5710 
‘¢. \grth 7 15.87 0.0930 
‘¢  3gtm 8 16.65 0.1600 
 Fith 9 19.80 0.0151 
‘* 3th Io 19.95 0.0121 


The analysis of the soil before nitrification showed it to contain 
0.017 per cent. of total nitrogen, 0.00083 per cent. of nitrate 
nitrogen, and 0.00003 per cent. of nitrite nitrogen. Hence the 
100 grams of soil contained, at the beginning of the experiment, 
17 mg. of total nitrogen (most of it in fossil remains and 
practically unavailable for immediate nitrification), 0.83 mg. of 
nitrate nitrogen, and 0.03 mg. of nitrite nitrogen. To this there 
were added 100 mg. of ammonium sulphate, containing 21.21 mg. 
of ammonia nitrogen. It appears, then, that practically all of 
the ammonia nitrogen was nitrified, and that within the stated 
limits the different amounts of water affected nitrification but 
little. Thus from:February 13th to March sth, only 1.37 to 
0.83 mg. of nitrate were formed, while from March 5th to 
April 11th (only thirty-six days), more than 18.5 mg. of ammonia 
nitrogen were oxidized. Furthermore, the comparatively large 
amounts of nitrite nitrogen in some cases show that nitrification 
was still incomplete, or that the nitrates already formed were being 
reduced again. It will be noticed that in No. 6 where the amount 
of nitrate nitrogen is the least, the amount of nitrite nitrogen is 
the greatest, namely, 4.57 mg., an unusually large amount. 

On April 30th the soil leachings of this series, that had been 
kept in stoppered flasks, were again analyzed for nitrates, 100 cc. 
being taken for each determination as previously. In this case 
duplicate determinations were made. There was found in: 


Duplicate determinations, 
a Mean 





No. Mg. Mg. Mg. 
I 16.80 16.65 16.72 
3 18.35 18.72 18.53 
4 16.15 16.10 16.12 
5 18.52 18.32 18.42 
6 12.12 12.25 12.18 
7 17.42 17.20 17.31 
8 17.30 16.90 17.10 
9 15.47 15.62 15.54 

Io 13.16 13.40 13.28 
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The liquid in the stoppered flasks remained clear, still it is 
quite evident that there was a reduction of nitrates between 
April 11th and April 30th, for in all cases but two (7 and 8) the 
second analysis showed less nitrates than the first. Ing and to 
the difference was considerable, and in 5 the difference but slight. 

In Series II it was decided to study the effect of sodium 
chloride on nitrification. One hundred grams of loam from the 
college farm, containing 201 mg. of total nitrogen and 4 mg. of 
nitrate nitrogen, were placed in each flask. The latter was kept 
in the dark and tightly stoppered from February 14th until April 
16th. - Flask No. 11 cracked when the experiment began, 
and nitrification in it stopped as soon as the soil became dry. 
The following is the scheme of the experiment : 


Ammonium Soil Sodium 
sulphate, Water. extract. chloride. 
Flask. Mg. cc. ce. Mg. 
19 50 II I 
+ 20 50 II I 
2I 50 II I Io 
22 50 II I 10 
23 50 II I 50 
24 50 II I 50 
25 50 II I 100 
II 50 II I I0o 


Each flask had also one-half gram of calcium carbonate added 
to it. When analyzed on April 16th, the following amounts of 
nitrate and nitrite nitrogen were obtained : 


Nitrate. Nitrite. 
Mg. Mg. 

19 27.77 0.0154 
20 27.82 0.030 
21 25.97 0.014 
22 25.65 0.015 

, 23 ‘ 23.88 0.015 
24 23.80 0.022 
'25 22.72 0.030 
II 10.67 0,020 


As stated above, flask No. 11 was not under the conditions of 
the experiment, for it lost its moisture long before the experiment 
was completed. Otherwise the results are uniform, and while 
there is a distinct diminution in the amount of nitrates produced 
as the amount of salt is increased, still the differences are not 
very great, and from this experiment we must conclude that 
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quantities of salt up to 0.1 per cent. or 3,500 pounds to the acre, 
while they retard nitrification, do not stop it entirely. 

In Series III it was proposed to study the influence of ferrous 
salts on nitrification, since in low-lying lands these salts occur at 
times in considerable quantities. Ferrous sulphate was selected 
for the purpose. Asin Series II, roo grams of loam soil were 
used, and besides the substances mentioned in the table below 
each flask had also 0.5 gram of calcium carbonate added to it to 
furnish enough available base for the free acid formed. Follow- 
ing is the scheme of the experiment : 


Ammonium Soil Ferrous 
sulphate. Water. extract. sulphate. 

Flask. Mg. ce. cc. Mg. 

12 50 II I 

13 50 II I Io 

14 50 II I Io 

15 50 II I 50 

16 50 II I 50 

17 50 II I 100 

18 50 II I 100 


The experiment began on February 14th and ended on April 
14th. The conditions were the same as those in Series II. Flask 
No. 16 was found to be badly cracked on February 27th and was, 
therefore, analyzed on that day. On April 14th the following 
amounts of nitrate and nitrite nitrogen were found. 


Nitrate. Nitrite. 
No. Mg. Mg. 
12 28.62 0.012 
13 ” $3.43 0.020 
14 33-32 0.015 
15 25.00 0.045 
16! 5.00 sees 
17 25.00 0.023 
18 25.00 0.024 


There was apparently but little influence of the ferrous salt on 
nitrification, although the larger quantities used seemed to retard 
it a little. In the case of flask No. 16 there was scarcely any 
nitrification in the thirteen days between February 14th and Feb- 
ruary 27th, which again brings out the fact that the period of 
incubation lasts for some time. 

On May 6th the nitrates were redetermined in Series II, and 
the following amounts of nitrate nitrogen found : 

1 Analyzed February 27th. 
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Duplicate determinations. 





r . Macan. 

Flask. Mg. Mg. .Mg. 
12 27.55 27.82 27.68 
13 28.92 29.07 28.99 
14 34-45 34.50 . 34-42 
15 29.17 29.22 29.19 
16 eeu cane soe 
17 30.87 31.30 31.08 
18 34.17 34.01 34.09 


The general tendency in this case seems to have been a gain i 
nitric nitrogen. As it is, the amounts of ferrous sulphate used 
had not the power to stop nitrification. 

In Series V equivalent quantities of calcium carbonate and cal- 
cium sulphate were compared as to their influence on nitrification. 
The scheme of experiment was as follows : 


Soil Ammonium Calcium 
Water. extract. sulphate. carbonate. 
Flask. ce. cc. Mg. Grams. 
28 13 I 100 0.5 
“29 13 I 100 0.5 
36 13 I 100 I 
37 13 I 100 I 
38 13 I 100 2 
39 13 I 100 2 
Calcium sulphate. 
40 13 I Too 0.7555 
4! 13 I 100 0.7555 
42 13 r 100 I.511 
43 13 I 100 1.511 
44 13 I 100 2.2665 
45 13 I 100 2.2665 


The experiment lasted from February 20th until April 20th, 
the conditions being the same as im the other series. It was in- 
tended to compare flasks Nos. 28 and 29 with the flasks of this 
series, since the conditions were the same. The amounts of nitrate 
and nitrite nitrogen were as follows : 


Nitrate, duplicate determinations. 








- — A Mean. Nitrite. 
Flask. Mg. Mg. Mg. Mg. 

28 32.77 sees 32.77 0.035 
29 38.81 sees 38.81 0.033 
36 27.60 27.92 27.76 0.054 
37 42.05 41.72 41.88 0.038 
38 31.55 32.07 31.81 0.049 
39 20.27 19.90 20.08 0.039 
40 19.30 19.55 19.42 0.049 
41 18.72 18.72 18.72 0.036 
42 16.82 16.82 16.82 0.024 
43 19.52 19.98 19.75 _ 0.035 
44 20.62 20.35 20.48 0.040 


45 18.52 18.22 18.37 0.036 
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Where equivalent amounts of gypsum were used the nitrifica- 
‘tion was, on the whole, fairly uniform, and slighter than in the 
flasks where calcium carbonate was used. The agreement among 
the latter is not, however, all that might be expected. Thus, for 
instance, there were only 27.76 mg. of nitrate nitrogen found in 
flask No. 36, while in flask No. 37, treated in exactly the same 
way, there were found 41.88 mg. of nitrogen as nitrate. What 
the difference is due to is difficult to decide with certainty, although 
in dealing with micro-organisms such striking, andapparently un- 
explained, differences occur. On May 2nd, flasks Nos. 37 and 38 
‘were again analyzed for nitrates, and the following amounts found. 


Duplicate determinations. 
TC Cer HF 


Mean. 

Flask. Mg. Mg. Mg. 
37 48.07 47.65 47.86 
38 36.98 37.04 37.01 


In flask No. 37 there was a gain of from 41.88 to 47.86, almost 6 
mg.; in flask No. 38 there was a gain of from 31.81 to 37.01 mg., 
or more than 5 mg. of nitric nitrogen. 

In Series VI it was proposed to study the relation of large 
quantities of organic matter to nitrification. Linseed meal, con- 
taining, as analyzed by the Kjeldahl method, 4.51 per cent. of 
nitrogen, was used for the purpose. The following is the scheme 

-of the experiment : 


Soil Calcium 
Water. extract. carbonate. Linseed meal. 
Flask. ce. ce. Gram. Grams. 

26 13 I 0.5 

27 13 I 0.5 “ 
46 13 I 0.5 0.5 
47 13 I 0.5 0.5 
48 13 I 0.5 1.0 
49 13 I 0.5 1.0 
50 13 I 0.5 3.0 
51 13 I 0.2 3.0 


Flasks Nos. 26 and 27 being carried on under the same condi- 
tions as the flasks of Series VI, it was intended to place them 
also as blanks in Series VI. As reported elsewhere, however, 
they were cracked at the beginning of the experiment. The ex- 
periment in question lasted from February 20th until April 21st. 
_Analyses for nitrate and nitrite nitrogen showed : 
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Nitrate, duplicate determinations. 


—__ Mean Nitrite. 
Flask. Mg. Mg. Mg. Mg. 
46 31.42 32.55 31.83 0.046 
47 29.52 29.44 29.48 0.053 
48 38.57 39.17 38.87 0.051 
49 33-70 33-94 33.82 0.071 
50 sei sve 0.14 0.010 
51 eeee eee 0.0013 0.002 


It appears that more nitrate was formed where 1 per cent. of 
organic matter was present than where only 0.5. per cent. was 
present. On the other hand, but traces of nitrates were found at 
the end of the experiment in flasks Nos. 50 and 51, where 3 per 
cent. of organic matter was used. 





RAPID METHOD FOR THE VOLUSIETRIC DETERMINATION 
OF MOLYBDENUI STEEL. 


By FRANCIS T. Kopp. 
Received October 4, 1901. 


EIGH o.5 gram of sample in a platinum crucible of about 

100 cc. capacity, adding 2 cc. of sulphuric acid (sp. gr. 

1.58), and 12 cc. of water. When thoroughly dissolved, which 

may be assisted by heating, evaporate over the Bunsen burner 

until white fumes are given off, cool, add 30 grams fused potas- 

sium hydrogen sulphate, and gently raise the temperature to a 

bright heat, holding it at this temperature until the sample is 

thoroughly fused, which usually will require ten to fifteen min- 
utes. 

Care is required in both evaporating and fusing the sample that 
no particles be carried over the top of the crucible, by the water 
being driven off too swiftly and thereby causing a spattering, or 
by fusing too briskly, the gas given off by the potassium hydrogen 
sulphate either carrying particles away, or causing the fusion to 
foam over the top. 

When thoroughly fused, run the fusion around the side of the 
crucible and allow to cool. When-cold, place the crucible and 
fusion in a No. 5 beaker containing 500 cc. of hot water, and keep 
it nearly boiling until the fusion is dissolved and the solution has 
become transparent ; then wash the crucible with water into the 
beaker containing the solution. 

Cool the solution to normal temperature and transfer to a liter 
flask, rinsing the beaker with water, and add 1oo cc. ammonia 
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(sp. gr. 0.90) and make up with water to the liter mark ; transfer 
the solution back and forth from the flask to a dry beaker several 
times to thoroughly mix. 

Allow the precipitate to settle, and filter on a dry filter ; take 
500 cc. of the filtered solution and add 40 cc. sulphuric acid 
(sp. gr. 1.58) and run through a zinc reductor which consists of a 
column of zinc, some 12 inches long and 0.5 inch in diameter 
(Jones’ reductor). 

Add 10 cc. sulphuric acid (sp. gr. 1.58) to the reduced solution, 
and titrate with standard solution of potassium permanganate 
(1 cc. of potassium permanganate = 0.003053 gram of iron). 

A ‘‘blank,’’ consisting of 450 cc. water, 50 cc. ammonia 
(sp. gr. 0.90), and 4o cc. sulphuric acid (sp. gr. 1.58), must be 
run through the reductor to correct error due to the impurities in 
the zinc ; add 10 cc. sulphuric acid (sp. gr. 1.58) and titrate with 
permanganate (standard solution), the number of cubic centi- 
meters used to be subtracted from the reading of the perman- 
ganate used to oxidize the molybdenum trioxide solution. 

Subtract the ‘‘ blank’’ reading from the reading for the molyb- 
denum trioxide solution and multiply by 0.71776, which will give 
the Mo. The permanganate used must be of such concentration 
that 1 cc. =0.003053 gram iron for use in this calculation. The 
presence of chromium is not determined. 


TUNGSTEN STEELS. 


When tungsten is present, weigh 1 gram of sample intoa No. 1 
beaker and dissolve in 25 cc. dilute nitric acid (sp. gr. 1.20) and, 
when violent action has ceased, add rocc. strong hydrochloric acid ; 
when thoroughly dissolved, evaporate on a hot plate to dryness, 
bake to separate silica, and redissolve in 15 cc. strong hydrochloric 
acid, which will precipitate the tungsten as tungsten trioxide; 
cool and dilute with water to 100 cc., filter on a dry filter, and 
measure 50 cc. of filtered solution (which should be’ free from 
tungsten) into a No. 1 beaker and add 10 cc. sulphuric acid 
(sp. gr. 1.58). Evaporate the solution in the beaker till fumes 
are given off, transfer the solution from the beaker to a platinum 
crucible, and rinse the beaker, evaporating the solution in the 
crucible over a Bunsen burner until fumes are given off, then add 
30 grams potassium hydrogen sulphate (fused) and proceed as in 
ordinary steel. 








—————— —— 
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FERROMOLYBDENUM. 

Weigh 0.5 gram of the sample into a platinum crucible (100 cc. 
capacity) and dissolve it with 15 cc. strong nitric acid ; when 
thoroughly dissolved add 2 cc. sulphuric acid (sp. gr. 1.58) and 
evaporate over a Bunsen burner until fumes are given off. Care 
must be exercised here that no nitric acid remains in the crucible. 
Add 30 grams potassium hydrogen sulphate (fused) and proceed 
as in the case of steel. 

The following are some results obtained by the above methods. 
Three. molybdenum steels were made in crucible fires; the molyb- 
denum contents and analyses are as follows: 


Steels. Molybdenum added. Molybdenum found. 
No. Per cent, Per cent. 
I 5.00 5.040 
2 8.00 8.050 
3 10.00 10.014 


These analyses were made in duplicate. 

A ferromolybdenum was also analyzed by Messrs. Booth, Gar- 
rett, and Blair, of Philadelphia, Mr. McCreath, of Harrisburg, and 
myself. Mr. Whitfield, the chemist who made the analysis for 
Messrs. Booth, Garrett, and Blair, used the sulphide method 
given in Blair’s ‘‘ Chemical Analysis of Iron,’’ fourth edition. 
What method Mr. McCreath used I do not know; I used the 
method described above. 


Messrs. B. G. and B. Mr. McCreath. Volumetric. 
Per cent. Per cent. Per cent. 
50.53 50.34 50.45 


A molybdenum steel containing chromium was analyzed by 
Mr. McCreath and myself with results as follows : Mr. McCreath, 
7.42; volumetric, 7.81. A tungsten molybdenum chrome steel 
was made, the amount of molybdenum added to steel being 
3.6 per cent.; molybdenum found was 3.59 per cent. All of my 
analyses were made in duplicate. 





TELLURIU!M TETRACHLORIDE. 
By VICTOR LENHER. 


Received December 27, 1901. 
HEN an excess of sulphur monochloride is brought in con- 
tact with metallic tellurium at the ordinary temperature, 
the tellurium is rapidly attacked, heat is evolved, and in a few 
moments white needle-like crystals of tellurium tetrachloride 
separate. The reaction may be represented as follows : 
Te + 2S,Cl, = TeCl, + 4S. 
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The free sulphur indicated in the reaction dissolves in the excess 
of sulphur chloride, and on evaporation is shown to be present. 

Tellurium tetrachloride is insoluble in sulphur chloride, and in 
carbon bisulphide. Inasmuch as sulphur chloride dissolves in 
carbon bisulphide in all proportions, when the latter solvent is 
brought in contact with a mixture of tellurium tetrachloride, and 
sulphur chloride containing sulphur in solution, it is only nec- 
essary to extract this mixture with carbon bisulphide when the 
pure crystals of tellurium tetrachloride are obtained. In actually 
carrying out this preparation, the sulphur chloride is usually de- 
canted from the crystals which are then thoroughly washed with 
carbon bisulphide. 

Tellurium tetrachloride prepared in this manner appears as 
white needle-like crystals which are almost insoluble in sulphur 
chloride in the cold, but dissolve readily in the hot reagent. 

On analysis, 0.5164 gram tellurium tetrachloride gave 0.2430 gram tellu- 
rium, or 47.06 per cent. Theory requires 47.21 per cent. 

0.2305 gram tellurium tetrachloride gave 0.4863 gram silver chloride, or 
52.20 per cent. chlorine. Theory requires 52.79 per cent. 

The chloride thus obtained is permanent in dry air, but in 
moist air decomposes with formation of the oxychloride. Excess 
of water gives tellurous acid. 

When heated with metallic tellurium the black dichloride is 
formed. 

This method of preparing tellurium tetrachloride is frequently 
very convenient when the pure salt is desired. The reaction of 
sulphur monochloride on tellurium with formation of the tetra- 
chloride takes place as indicated, at any temperature from the 
ordinary to 139°, the boiling-point of sulphur chloride, when the 
latter is in excess. An experiment was conducted, heating 
metallic tellurium to a high temperature in a current of sulphur 
chloride. The tellurium was placed in a porcelain boat in a com- 
bustion tube. When sulphur chloride vapor comes in contact 
with highly heated tellurium, the black dichloride of tellurium 
is first formed, but quickly changes into tetrachloride. 

Te + S,Cl, = TeCl, + 2S 

TeCl, + S,Cl, = TeCl, + 2S. 
In this experiment, beautiful long white needles of tellurium 
tetrachloride were deposited on the sides of the tube, beyond the 
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porcelain boat, even while black tellurium dichloride yet remained 
in the boat. 

In studying the replacing action of sulphur, selenium and tel- 
lurium, Krafft and Steiner' heated 2 parts sulphur chloride with 
2.2 parts of tellurium in an open combustion tube. Since they 
worked with a slight excess of tellurium, the dichloride was ob- 
tained, but they do not appear to have observed that with excess 
of sulphur chloride, the tetrachloride is obtained, the yield being 
practically quantitative. 


UNIVERSITY OF WISCONSIN, 
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PRELIMINARY COPIMUNICATION UPON GLUCOPHOS- 
PHORIC ACID. 


By P. A. LEVENE. 


Received November 11, 1901. 

HOSPHORIC acid is a very important constituent of all 
living matter. It entersin organic combination with nearly 
every cell constituent. As glycerophosphoric acid it enters the 
molecule of lecithin, which is a ‘‘primary cell constituent’’ ; in 
a like manner it combines with proteid, forming the so-called 
‘‘paranucleic acid.’’ Further, in combination with purin bases it 
forms the most important cell constituent, known as nucleic acid. 
The latter substance, however, is very complex, and its compo- 
sition is not fully known. At the present stage of our knowledge 
on the subject it seemed of great importance to analyze the sub- 
stances related to nucleic acid but of a less complex nature. For 
this reason I undertook the analysis of a substance first obtained 
by Palladin’ from different seeds, and later analyzed by Schulze 

and Winterstein.° 
Schulze and Winterstein made an elementary analysis of the 
substance obtained by Palladin himself, and according to them 


it contained : 
Per cent. 


CEIOR a s'n'c's,6.0.0'010 10 40 since sc bees secwsic see eiee 9.65 
Hydrogen ...... esse cccccecccecccscssccecs 2.83 
Phosphorus pentoxide... ...-++seseeee cere 3.4.66 
WR i aicnieaiss cosa kgs anne eciesweucuetu nese 67.88 


In my hands the method of Palladin did not prove very satis- 


1 Ber. d. chem. Ges., 34, 560. 
2 Palladin: Ztschr. Biol., (1894), p. 199. 
% Schulze and Winterstein - Zischr. physiol. Chem., 22, 90. 
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factory and by a comparatively simple method, which I shall 
describe later, I obtained a copper salt of an acid of the following 
composition : 

0.1380 gram of the substance on combustion gave 0.0858 gram carbon di- 
oxide and 0.0355 gram water; or 16.95 per cent. carbon and 2.85 per cent. 
hydrogen. 

0.2364 gram of the substance on combustion gave at 723.1 mm. pressure 
and 14.0°, 6 cc, nitrogen, or 2.41 per cent. 

0.1735 gram of the substance, on fusion with sodium hydroxide and 
potassium nitrate, gave 0.0658 gram magnesium pyrophosphate, or 24.10 per 
cent. phosphorus pentoxide. 

0.0950 gram of the substance gave 0.0548 gram of ash, or 57.67 per cent. 

The ash contained 0.0339 gram cupric oxide or 35.66 per cent. 


SUMMARY. 
Per cent. 
CAPO: cence d BhORTeR SOs OR sae eee eo veukeres 16.95 
Hydrogen ....-. cece vecccecccceccccscc veces 2.85 
Nitrogen. ...eeeccccceccccceccccsccccsccees 2.41 
Phosphorus pentoxide.......-ssseeeeeeeees 24.10 
Cupric OO OE ee Le EEE 35-66 
ASH ose coccccccccccccccccseccccseccccce se 57-67 


A solution of the salt in nitric acid containing ammonium 
nitrate gave no reaction for phosphoric acid with ammonium 
molybdate solution, thus showing that the salt was not contami- 
nated with inorganic phosphates. In the seed the acid is present 
in the form of its calcium magnesium salt. The latter salt is pre- 
cipitated by alkalies and by sodium acetate ; it is soluble in dilute 
acids. A comparatively dilute acetic acid solution of it added to 
an acid solution of Witte’s peptone forms a precipitate. On hy- 
drolysis of the substance with dilute mineral acids it yielded 
orthophosphoric acid; no glycerol could be extracted, nor any 
appreciable quantity of fatty acids. Also the purin bases were 
not detected among the decomposition products. The free acid 
obtained from the copper salt did not give the slightest biuret 
test. However, the solution of the copper salt in hydrochloric 
acid heated over a flame was capable of reducing Fehling’s solu- 
tion. 

With phenylhydrazine the products of hydrolysis formed a crys- 
talline deposit characteristic for glucosazones. It is thus sug- 
gestive that a carbohydrate enters the molecule of this organic 
phosphoric acid. 

A further study on the composition of the substance is in 
progress. 
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ANALYSE DES ENGRAIS. By D. SIDERSKY. Paris: Published by C. 

Beranger. 240 pp. 

This little work of 240 pages was written by D. Sidersky, 
chemical engineer and officer of the Mérite Agricole, and one of 
the leading members of the Association des Chimistes de Sucrerie 
et de Distillerie de France et des Colonies. 

The immediate cause of the preparation of the book was a 
resolution, proposed by M. Déhérain, and adopted at the Second 
International Congress of Applied Chemistry, held at Paris in 
1896, to the following effect: that the different official methods 
for the analysis of fertilizers be collected into one publication in 
the French language, and that M. Sidersky be charged with this 
publication. 

In the discharge of this office, M. Sidersky was met with a 
number of difficulties. Certain countries were modifying their 
systems and without bringing them into concordance with neigh- 
boring countries; for instance, Holland, Belgium and the Grand 
Duchy of Luxembourg. Switzerland had also just changed her 
own methods and adopted those of Germany, while in Germany 
even the publication of the official methods was long delayed. 
Meanwhile, the Third International Congress of Applied Chem- 
istry, held in Vienna in 1898, appointed an international com- 
mittee which was charged with a study of the best methods of 
the analysis of fertilizers and fodders, with the object of opening 
the way for international agreement. M. Sidersky, as well as 
the writer, was made a member of this commission, and the 
preparation of his volume was delayed until this commission 
reported the results of its work. This took place at the fourth 
eongress in Paris, in 1900, where a broad basis was laid for inter- 
national agreement, without entering into the details thereof. 
M. Sidersky has, therefore, included in his work the official 
methods in vogue in the countries named below, and also has 
included the report of the international committee, adopted at 
Paris, 1900. ‘The countries whose methods are given in the 
report are France, Belgium, Holland, Grand Duchy of Luxem- 
bourg, Switzerland, Austria-Hungary, United States of America, 
Italy, and finally the data of the international commission. 
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In most cases a short historical sketch of the d+ -elopment of 
the official method is prefixed. 

In the preparation of this report M. Sidersky had the collabo- 
ration of chemists in the different countries, and he expresses his 
particular thanks to Maercker and von Grueber, of Germany, 
Strohmer, of Austria, Peterman, of Belgium, Masson, of Belgium, 
Hoogewerff, of Holland, Menozzi, of Italy, Dusserre, of Switz- 
erland, and Wiley, of the United States. 

The French methods are those still in official use and adopted 
by the decree of the Minister of Agriculture, in May, 1897. 

The methods of Belgium, Holland, and the Grand Duchy of 
Luxembourg are the same and, in their present form, were 
adopted by a commission which met at Goes, in January, 1899. 

The German methods are those adopted by the Union of the 
German Agricultural Experiment Stations, revised up to 1898. 
These methods were adopted by Switzerland on the 27th of July, 
1897. 

The methods for Austria-Hungary were adopted at a meeting 
of the agricultural experiment stations of Austria-Hungary, 
held in Vienna the first of April, 1897. 

The methods for the United States are those adopted by the 
Association of Official Agricultural Chemists, in September, 1895. 
Very few changes have been introduced in the official methods in 
use in this country since that time, but still some rather impor- 
tant ones should have been noted by the author, to whom the 
latest methods were sent. 

No date is given for the Italian official methods, but they are 
published as written by Prof. Menozzi. 

The methods of the international commission are those adopted 
at the Fourth International Congress, at Paris, in 1900. 

There is no space here to enter into details of the methods in 
the book, except to commend the publication of these inter- 
national methods in full in a convenient form for comparison. It 
may be said that the methods for fertilizers are now so well 
established that it should be entirely possible for an international 
method to be adopted which would be followed not only by 
official chemists, but all other chemists studying fertilizer mate- 
rials throughout the world. A comparison of the various official 
methods given shows a basic agreement on principles of analysis. 

A study of the different methods, however, reveals a great 
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difference in details. This difference, however, the international 
commission sought to eliminate as much as possible by the estab- 
lishment of the basic principles on which the analyses should be 
conducted, and a reference to the various official methods for the 
details in each case. 

This work points out in a most marked manner the functions 
still remaining to tke international commission; viz., to secure 
at least practical unity in details of manipulation, as well as in 
the principles of the analysis. M. Sidersky is to be congratulated 
on the effective manner in which he has carried out the instruc- 
tions given him by the International Congress. 

H. W. WILEY. 


A SHORT MANUAL OF INORGANIC CHEMISTRY. By A. DupRE, PH.D., AND H. 
Wison HAKE, PH.D. Third edition, revised and partly rewritten with 
special reference to the periodic law. London: Charles Griffin & Com- 
pany; Philadelphia: J. B. Lippincott Company. Igo. ix + 391 pp. 
Price, $3.00. 

The introductory portion which precedes the description of the 
properties of the various elements and their compounds is very 
concise, and needs must be so to condense within the space of 101 
pages all the general principles of chemistry, together with much 
information on physical and thermo-chemistry. 

In Chapter VI the authors say in a foot-note: ‘‘A rapid 
method, not commonly known, for converting centigrade degrees 
into Fahrenheit degrees, is as follows: double the centigrade 
degrees, and subtract from them one-tenth of their quantity ; to 
the remainder add 32, and the result is the corresponding degrees 
Fahrenheit.’’ 

This method while not new is very rapid, and deserves to 
become more widely known. 

Some ‘‘ Typical Elements and their Compounds”’ are then 
considered, 96 pages being devoted to oxygen, hydrogen, nitrogen, 
carbon, boron, silicon, sulphur, and phosphorus. The remainder 
of the elements are then treated according to the periodic system 
of classification. 

The scheme followed in discussing the properties of the 
elements and their compounds is as follows:. name; symbol and 
atomic weight ; formula ; molecular weight and percentage com- 
position ; occurrence in nature; physical properties ; chemical 
properties ; distinguishing tests ; physiological action ; prepara- 
tion or manufacture ; application ; historical matter. 
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Under the heading ‘‘ Physiological Action,’’ it would have 
been well had the authors adhered to the original idea somewhat 
more closely. For example, under PH, nothing is said in refer- 
ence to its poisonous character; again, sodium phosphate and 
potassium nitrate are not referred to as having any physiological 
action, while zinc sulphate, which is largely used as a mild 
astringent, is only mentioned as an emetic. 

On the whole the work is clearly and concisely written, and 
contains a vast amount of information in a comparatively small 
space. 

The book is poorly bound, many of. the leaves separating 
entirely from the volume during the reading for review. 

J. A. MILLER. 


CHEMICAL LECTURE EXPERIMENTS. By FRANCIS GANO BENEDICT, PH.D. 
New York : The Macmillan Co. Ig01. xiii + 436 pp. Price, $2.00. 
Dr. Benedict’s purpose in preparing this book is, as he says, 

‘‘ primarily to furnish teachers with a large number of reliable 
lecture experiments.’’ His aim is, also, to suggest experiments 
that may be performed with an ordinary laboratory equipment. 
Although excellent manuals of this kind have been prepared in 
this country, in Germany and in England, no one will, I think, 
consider this book of Dr. Benedict superfluous. The experiments 
are so well chosen and so clearly described with so many valuable 
and practical hints, that even a novice should. have no difficulty in 
making them successfully. The omission of many experiments 
requiring fragile or costly apparatus may cause some regret, but 
since descriptions of most of them are to be obtained from the 
text-books that will probably be found in nearly all school or 
college libraries, their exclusion does not detract seriously from 
the value of the book. 

The greater portion of the text is devoted to the illustration of 
the properties of the non-metals, but some very interesting 
experiments on the metals and their compounds are described. 
Any teacher will, I think, find this work a useful addition to his 
library. Ly... Bs HAEL. 
RESEARCH PAPERS FROM THE KENT CHEMICAL LABORATORY OF YALE 

UNIVERSITY. EDITED BY F. A. GoocH. Intwo volumes. 8vo. Vol. 
I, xvi+ 411 pp. Vol. II, xii+ 415 pp., with 20 figures in the text. 
New York : Chas. Scribner’s Sons. Price, $7.50. 


These papers are reprinted chiefly from the American Journal 
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of Science in honor of the Bicentennial of Yale University. The 
mechanical execution of the volumes issuperb. A large majority 
of the papers are by Professor Gooch himself and it is probable 
that he was more or less concerned with others where his name 
does not appear. Yale University and Professor Gooch may well 
feel proud of the amount and quality of the work carried to com- 
pletion in this laboratory during the time covered by these vol- 
umes. The subjects treated are mostly in analytical chemistry, 
to which these papers are a most substantial contribution. 
AMERICAN HANDY-BOOK OF THE BREWING, MALTING, AND AUXILIARY 
TRADES. By ROBERT WAHI, AND MAx HEnIvus. Chicago: The 
authors, 294 S. Water Street. 6% 4 inches; xvi-+ 1266 pp. Co- 
piously illustrated. Price, $10.00. 

The chapter headings will give an idea of the contents. They 
are: Arithmetic; Algebra; Mensuration; Weights and Meas- 
ures ; Physics ; Mechanics; Elements of Machinery ; Power ; 
Transmission of Power ; Steam Engines; Refrigeration; Pumps; 
Brewery Buildings ; Chemistry ; Brewing Materials ; Micro-or- 
ganisms ; Yeasts and Fermentation ; Pure Yeast Culture ; Malt 
House Outfit ; Malting Operations ; Brewery Outfit; Brewery 
Operations ; The Bottling Department of a Modern Brewery ; 
Figuring in the Brewery ; The Brewers’ Chemical Laboratory ; 
The Brewers’ Microscopical Laboratory ; Lubricants and Lubri- 
cation ; Legal Relations of the Brewer Beer Dietetics and Eco- 
nomics ; Miscellaneous Information ; Bibliography ; Dictionary 
of Technical Terms ; Publications Consulted ; Index. 

The book will be of use to others than brewers. The informa- 
tion given seems to be full and accurate, and shows evidence of 
great care in preparation. The mechanical execution—printing, 
binding, illustrations—is excellent. E. H. 
HANDBOOK ON SANITATION. A Manual of Theoretical and Practical Sani- 

tation. For Students and Physicians ; for Health, Sanitary, Tenement- 
house, Plumbing, Factory, Food, and other Inspectors, as well as for 
Candidates for all Municipal Sanitary Positions. By GEORGE M. PRICE, 
M.D., Medical Sanitary Inspector, Department of Health, New York 
City, etc. New York: John Wiley & Sons. Igol. xii-+ 317 pp. 
Price, $1.50. 

This little handbook covers a large field very briefly and in 
very simple language. The first part is devoted to a brief dis- 
cussion of the principal topics in sanitary science. Exception 
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must be taken to the positive statements with regard to certain 
of the diseases which are said to be traceable to soil influences 
because recent investigations in sanitary science have demonstra- 
ted conclusively that most of these diseases arise independently 
of soil conditions. The same criticism must be made with regard 
to the statements respecting the detrimental influence upon health 
of the sewer air. 

The portion of the book treating of the duties and operations 
of the sanitary inspector will be of special service to those quali- 
fying for such positions. 

The use of the word “‘ sanitation ’’ to designate the profession 
of sanitary inspector is not to be commended as it is confusing 
and misleading because sanitation is not a profession. 

In part four of the book are given the different sanitary laws 
of the state and city of New York under which tenement-houses, 
plumbing, drainage, and ventilation of buildings, schools, and 
milk are inspected, as well as the regulations governing the 


disinfection of tenements and buildings in infectious diseases. 
D. H. BERGEY. 


LEITFADEN FUR DEN UNTERRICHT IN DER ANORGANISCHEN CHEMIE. 
Zweiter Teil. By DR. JOACHIM SPERBER. Zurich: Verlag von E. 


Speidel. 1901. 163 pp. 

This book is the second part of the volume bearing the same 
title which was reviewed in this Journal, 22, 222. This volume 
treats entirely of the oxygen acids of the various elements, giv- 
ing a detailed description of the methods of preparation of the 
oxides and the corresponding acids, and a full description of the 
properties of each. The commercial manufacture of sulphuric 
acid is treated in great detail, but the more recent contact pro- 
cess is not mentioned. The recently developed electrolytic pro- 
cesses for the manufacture of chlorates, alkali, and bleaching-pow- 
der are described satisfactorily. 

In the opinion of the reviewer the author has erred in introdu- 
cing to too great a degree the structural formulas which are used 
throughout the book. Particularly is this the case with the so- 
dium-potassium sulphite, which the author uses to introduce the 
subject of isomerism, especially so since the recent work of Fraps 
seems to throw considerable doubt on the existence of isomeric 
salts of sulphurous acid. HENRY Fay. 
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SuBjEcT List OF WORKS ON CHEMISTRY AND CHEMICAL, TECHNOLOGY, 
in the Library of the British Patent Office, being No. 6 of the Library 
Series, and No. 3 of the Bibliographical Series. London. 12mo. 105 
pp. Igor. Price, 6d. 

The book is arranged in two parts, first a general alphabet of 
subject headings, with descriptive entries in chronological order, 
of the works arranged under those headings, and second a key, 
or summary of headings shown in class order. The catalogue 
comprises 885 works, of which 79 are serials, and represents 3,300 
volumes. The chronological arrangement is very useful for the 
purposes of a patent office library, as it enables a searcher to see 
at once the date and consequent probable value of a book on his 
subject. Among the early works we notice 10 books on mines 
and mining called ‘‘ Pirotechnia,’’ by V. Biringuccio, 1558-9 ; 
and the ‘‘Works ”’ of J. R. Glauber, containing a ‘‘great variety 
of choice secrets in medicine and alchemy’’ 1689; also R. Boyle, 
‘*The Sceptical Chymist,’’ 1661 ; etc. 

The principal or leading headings of classification are alchemy, 
analysis, biography, technology, chemical dictionaries, periodicals 
and digests, inorganic, metalloids, metals, organic, physical, and 
theoretical, and practical chemistry which covers laboratories, ap- 
paratus, and chemical optics, and includes catalogues. 

It may be not generally known that the U. S. Patent Office at 
Washington contains one of the best technical libraries in this 
country, open to the public for consultation. 

“Wo. H. SEAMAN. 

SMOKELESS POWDER, NITROCELLULOSE, AND THE THEORY OF THE CELLU- 
LOSE MOLECULE. By JOHN B. BERNADOU. Lieutenant U.S. Navy. 
New York: John Wiley & Sons. 1901. Small] 8vo. viii + 200 pp. 
Price, $2.50. 

Under the first legend there are 38 pages of a lecture by Ber- 
nadou, on the ‘‘ Development of Smokeless Powder,’’ reprinted 
from the Proceedings of the U. S. Naval Institute and 30 pages of 
a translation of a paper by Mendeléeff on ‘‘ Pyrocellulose Smoke- 
less Powder,’’ though the source from which the latter is taken 
isomitted. Under the second legend there are 47 pages given to 
translations of the papers of Vieille and of Bruley on the ‘‘Nitra- 
tion of Cotton.’’ The only newly presented matter is embraced 
in the first 80 pages and here the author develops his ‘‘ Theory 
of the Cellulose Molecule,’’ after treating of the ‘‘ Earlier Views 
as to Nitrocellulose Composition and Constitution,’’ The Concep- 
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tion of Progression in Relation to Composition and Constitution,’’ 

and of ‘‘ Solutions of Nitrocellulose.’’ 

In his lecture Bernadou bases his argument for the proper com- 
position of a powder on the relative volumes of carbon dioxide 
and of carbon monoxide produced from the same mass of carbon 
when burned with oxygen, but in making this elementary calcula- 
tion he uses 1.9 (which is approximately the weight in grams of 
a liter of carbon dioxide at normal) as the specific gravity of car- 
bon dioxide, and 1.4 (which is practically 0.1 of the relative 
density of carbon monoxide) as the specific gravity of carbon 
monoxide. 

His essay on the ‘‘ Theory of the Cellulose Molecule,’’ is of the 
most speculative character and the pages bristle with curious 
graphic formulas which are arranged in purely fanciful ways and 
from which he draws the most sweeping generalizations regarding 
the upbuilding of cells, the characteristics of organic life, and 
the like. He is unhampered by conventions and since, for instance, 
the accepted formula for ethyl hydroxide does not serve his con- 
venience he assigns to this substance a ‘‘strain’’ formula in which 
the atoms are arranged as in the accepted formula for dimethyl 
oxide. He seems to regard linkages as matters of slight conse- 
quence and having assumed, without giving any evidence, the 
existence of median double linkages in the cellulose molecule, he 
shifts them to terminal single bonds at will, since, as he states, 
the molecule ‘‘ may be expressed ’’ in this way ‘‘ without radical 
modification.’’ 

The book bears throughout evidence of the ambitious amateur, 
and one wonders how a man dares risk his reputation in his own 
profession by excursions into other professional fields of work 
where his deficiencies become apparent. The pursuit of one’s 
own profession ought to furnish opportunities to satisfy any laud- 
able ambition. CHARLES E. MUNROE. 

A COMPENDIUM OF GOLD METALLURGY AND DIGEST OF U. S. MINING 
LAws, WATER RIGHTS AND DESERT LAND Laws. By E. M. and M. L. 
WaDE. Published by the authors, Los Angeles, Cal. 140 pp. Second 
Edition. Price, $1.00. 

The book, as stated in the introduction, is intended for the 
mining public which has little or no knowledge of metallurgy, 
and appearing now in a second enlarged edition seems to have 
filled a certain want. It is Jivided into eight chapters and has 
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five appendices. In the first part are found brief discussions of 
the characteristics of gold and quicksilver, and of ores and coun- 
try rock; further outlines are given of the processes of amalga- 
mating, concentrating, leaching, and smelting. In the second part 
there are articles on the occurrence and prospecting of gold ores, 
and on the methods of sampling, assaying, and testing. 

The authors who, according to the illustrated advertisements. 
contained in the book, are in charge of ore-testing works and of 
laboratories for assaying and analyzing, show in the text that 
they have a practical knowledge at least of the milling of gold 
ores and of the current assay methods. Many valuable hints are 
given which will be of interest to any reader. The general non- 
chemical mining public, however, will find that more chemical 
knowledge has been presupposed than can be picked up at ran- 
dom. The book will be of service to a foreman who knows the 
practical details of his work and wishes to have some sort of ele- 
mentary primer to help him along. Presupposing that the mat- 
ter contained in the book is well chosen, a more logical arrange- 
ment would be of much benefit. H. O. Horman. 
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Handbook on Sanitation. A handbook of theoretical and practical sani- 
tation. By George M. Price, M.D. New York : John Wiley & Sons. Igor. 
xii-+ 317 pp. Price, $1.50. 

The Manufacture of Alum and the Sulphates and Other Salts of Alumina 
and Iron ; Their Uses and Applications as Mordants in Dyeing and Calico 
Printing, and Their Other Applications in the Arts, Manufactures, Sanitary 
Engineering, Agriculture and Horticulture. By Lucien Geschwind. Trans- 
lated from the French by Chas. Salter, with 195 illustrations. 1901. Lon- 
don : Scott, Greenwood & Co.; New York: D. Van Nostrand Co. xii + 
387 pp. Price, $5.00. 

A Laboratory Guide to the Study of Qualitative Analysis. By E. H. S. 
Bailey, Ph.D., and Hamilton P. Cady, A.B. Fourth Edition. Philadelphia: 
P. Blakiston’s Son & Co. Ig01. 234 pp. Price, $1.25. 

The Dyeing of Cotton Fabrics. A practical handbook for the dyer and 
stndent. By Franklin Beech. Illustrated by forty-four engravings. Lon- 
don: Scott, Greenwood & Co.; New York: D. Van Nostrand Co. Igor. 
viii + 282 pp. Price, $3.00. 

A Report upon Some Factors Relating to the Cane Sugar Industry of 
Australia. By Dr. Walter Maxwell. t1gor. 16 pp. 4to. Price, 7d. 








